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EFFECTS  OF  BORAX  AND  BORACIC  ACID 
ON  THE  HUMAN  SYSTEM. 


TO  judge  of  the  salutary  or  harmful  effect  of  Borax  and  Boric  Acid  introduction. 
on  the  human  organism  was  formerly  a  matter  of  extreme  diffi- 
culty, since,  apart  from  their  technical  application,  these  substances 
were  used  for  medical  purposes  only,  never  for  hygienic  purposes.  Much  as 
in  the  case  of  various  other  remedies,  inexact  observations  and  exaggerated 
laudation  only  helped  to  keep  up  the  current  prejudice  against  the  preparations, 
and  to  strengthen  the  fear  of  their  harmful  influence.  In  our  own  time,  how- 
ever, the  relation  subsisting  between  the  human  organism  and  Borax  and 
Boric  Acid  has  become  a  matter  of  greater  importance,  since  these  substances 
are  now  used  as  admixtures  to  food.  And  the  question  whether  they  are 
really  inimical  to  the  constitution  is  now  a  supremely  important  one. 

Borax    and  Boric  Acid    are    natural   mineral  substances,  found    either  Borax  an.i  Bor 

Ac-kI  natural 

as  such,  only  requiring  purification,  or  else  variously  combined  with  other  sui.stances. 
substances.  First  of  all  must  be  named  Boronatrocalcite,  which  is  found 
in  Chili,  then  Stassfurtite,  Pinnoite,  Datolite,  a  combination  of  Borate 
of  Calcium  with  Silicate  of  Calcium,  Liineburgit,  Pandermite,  etc.  For 
purposes  of  historical  study  the  most  interesting  is  Tinca.I,  a  raw  crystallised 
Borax,  which  is  found  in  Asia,  Tartary,  and  Thibet,  in  the  bed  of  dried-up 
lakes.  Similar  lakes  have  been  discovered  in  North  America,  and  they  too 
now  form  a  source  from  which  Borax  is  obtained.  Boric  Acid  is  produced 
from  Borax,  or  obtained  from  the  Solfatares  of  Tuscany. 

The  most  ancient  name  for  Borax  is  supposed  to  have  been  GlirijHocoUa,  Historical 

notes. 

but  whether  this  designation  applied  to  Borax  or  not  is  by  no  means  certain, 
and  hence  no  weight  can  be  attached  to  all  that  has  been  said  and  written 
about  the  effect  of  Chrysocolla  on  man. 

The  name  Borax  seems  to  be  met  with  first  in  the  10th  century  among 
the  Arabs.  At  that  time  Borax  was  used  exclusively  for  soldering,  but  the 
Chinese  are  known  to  have  employed  it  in  the  smelting  process.  Early  in 
the  15th  century  Borax  was  introduced  into  Europe,  and  a  century  later  its 
therapeutic  application  commenced ;    but,   though  carried  far  and  wide  by 


Venetian  traders,  it  remained  a  secret  substance.  Tincal  brought  from 
Persia  was  subjected  to  a  refining  process  in  Venice.  Not  before  1749  was 
its  nature  brought  to  light  bj^  Reuss.  Shortly  afterwards  it  was  found  in 
other  places,  and  when  in  1808  Davy  discovered  the  element  Boron 
chemical  elucidation  of  the  Borax  combinations  soon  followed. 


Introduction  ( 
Boric  prepara- 
tions into 
luerlicine,  anc 
false  appUcU- 


In  the  18th  century  Boric  Acid  was  introduced  by  Homberg  as  Sal 
Hi'dativiiiu,  though  possibly  it  may  have  been  known  to  the  alchemist  Beoher 
as  early  as  1675.  Both  Boric  Acid  and  Borax  were  early  emploj^ed  for 
therapeutic  purposes-  When,  about  the  middle  of  the  16th  century,  Borax 
began  to  be  used  systematically  in  medicine,  a  quality  was  ascribed  to  it  to 
which  assuredly  it  cannot  lay  claim,  viz.,  stimulation  of  labour  pains.  Dis- 
tinguished physicians  contradicted  the  assertion  from  the  first,  but  it  was  not 
finally  disproved  until  modern  times.  Other  qualities  were  also  claimed  for 
Borax;  it  was  said  to  excite  menstruation,  to  be  a  remedy  for  cramp,  for 
haemorrhage,  and  paralysis.  Even  in  diarrhoea  and  dysentery  Boric  Acid  and 
Borax  were  given,  so  that  both  were  considered  to  be  drastic  remedies. 
These  manifold  uses  and  the  wrong  views  held  with  regard  to  the  effects  of 
Borax,  call  only  be  explained  by  the  old  custom  of  never  prescribing  a  single 
remedy  by  itself,  but  always  in  mixture  with  others. 


Confutatior 
prejudices. 


We  owe  the  first  decisive  confutation  of  all  these  prejudices  to  a  prize 
essay  written  in  1845  for  the  Medical  Faculty  of  the  Munich  University. 
The  theme  was  as  follows  : — 

"  The  pharmacological  qualities  of  Borax  and  of  Boric  Acid 
are  to  be  brought  out  as  clearly  as  possible  by  comparison  and 
examination  of  all  the  facts  at  disposal,  as  well  as  by  physiological 
and  chemical  experiments,  with  a  view  to  showing  the  changes 
wrought  by  these  remedies  in  the  organic  functions  and  mixtures." 


In  his  prize  essay  Ludwig  Binswanger^  proved  that  Boric  Acid  is  not 
toxic,  and  he  concluded  : — 

"That  Boric  Acid  in  medical  doses  being  totally  indifferent  to 
the  organism  should  no  longer  be  employed  therapeutically,  and 
that  Borax,  though  analogous  to,  yet  much  weaker  in  its  action 
than,  bicarbonate  of  soda,  should  be  subordinated  to  the  latter, 
except  as  a  solvent  of  uric  acid,  for  which  purpose  it  is  more 
efficacious." 


•5 

When  once  the  innocuousness  of  Roric  Acid  was  tlius  made  known,  it 
was  not  long  before  Pinorx's  and  Tkoi'sseau's  opinion  of  its  irritating 
and  astringent  effect  was  confuted.  Thus  it  seemed  that  Borax  was  to  be 
excluded  from  medicine.  But  before  long  it  was  recognised  to  possess 
antiseptic  qualities,  and  further  observation  proved  that,  contrarj^  to  earlier 
views,  Borax  and  Boric  Acid  exercise  a  soothing  influence  on  the  mucous 
membranes,  even  in  the  most  sensitive  places,  and  also  on  inflammatory 
membrane.  To  give  an  example :  Boric  Acid  mixed  with  ground  coffee  is 
recommended  and  widely  used  as  a  remedy  for  cold  in  the  head,  i.f.,  for 
inflamed  mucous  membrane  of  the  nose.  The  soothing  and  antiseptic  effect 
of  Borax  and  Boric  Acid  caused  them  to  be  introduced  into  surgery. 
Antiseptic  treatment  with  Boric  Acid,  as  first  tried  by  Lisier',  Godi.ek,  and 
others,  has  been  generally  adopted,  especially  by  Leonaro  Caxe^,  who  has 
described  numerous  cases  of  wounds  that  healed  normally  and  without 
irritation  or  inflammation  after  the  application  of  a  solution  of  Boric  Acid. 
He  sums  up  : — "  It  is  an  antiseptic  which  neither  irritates  nor  inflames,  and 
thus  enables  the  natural  healing  process  to  take  place  without  interruption." 
This  explains  that  in  purulent  otitis  too,  the  Boric  Acid  treatment  introduced 
by  Bezold^  in  1887,  is  universally  acknowledged  the  best.  In  modern 
internal  therapeutics,  Borax  finds  employment.  It  is  of  special  interest  that 
Borax,  the  mildest  of  alkalis,  acts  as  a  solvent  of  uric  acid  in  gouty  affections 
(as  was  proved  by  Btnswanoer),  and  also  as  a  soothing  agent  on  bladder 
and  kidney.  These  therapeutical  uses  must  be  cited,  since  they  prove  the 
innocuousness  of  Borax  internally  applied,  thus  disproving  many  assertions  to 
the  contrary. 


Of  course,  one  must  not  overlook  the  fact  that  idiosyncrasy  may  occur. 
What  we  call  idiosj^ncrasy  is  when  a  very  small  minority  of  mankind  show 
peculiar  abnormal  symptoms  after  the  introduction  of  certain  substances  into 
the  system.  This  idiosyncrasy  occurs,  not  only  after  taking  chemical  substances, 
but  frequently  even  after  eating  certain  articles  of  food.  It  is  generally  known 
that  various  skin  affections,  accompanied  by  fever,  may  occur  after  straw- 
berries or  crayfi.sh  have  been  eaten.  Many  remedies,  for  instance  quinine, 
iodide  of  potassium,  etc.,  produce  similar  symptoms.  Yes,  even  rhubarb,  which 
is  borne  perfectly  by  many  hundreds  of  tliousands,  in  some  solitary  cases 
brings  out  great  blisters  on  the  skin.  However,  in  the  Borax  and  Boric 
Acid  treatment,  idiosyncra.sy  has  never  been  specially  noticeable.  Opportunity 
of  observing  it  was  given  in  the  treatment  of  epilepsy,  treated  by  large  doses 
of  Borax  instead  of  by  large  doses  of  bromide  of  potassium,  (jiowkks''  gave 
0'91    gramme  daily  for  two  years,  and  afterwards   fit  is  nol  said   iiow  long) 


3'62'grammes  daily,  whereupon  a  psoriasis-eruption  on  the  skin  ensued.  The 
same  condition  set  in  after  eight  months  in  another  case  of  epilepsy.  With  the 
exception  of  these  epileptic  cases,  no  similar  occurrences  have  been  observed. 

i^*«'^'  °f  Similar  observations  were  made  in  cases  described  by  J.  Jameson  Evans." 

overdoses,  '^ 

sf.rgeiy.''* '"  After  1"8  grammes  per  day,  increased  to  3'6  grammes  per  day,  derma- 
titis set  in  ;  in  another  case  the  nails  became  diseased  and  the  hair  fell 
out.  But  the  author  himself  acknowledges  that  he  could  not  be  absolutely 
certain  that  no  SA^philitic  disease  was  present.  But  these  doses  greatly  exceed 
the  doses  employed  in  the  preservation  of  food.  Probably  Sophia  Grumpelt's 
case,  in  which  she  irrigated  the  rectum  with  a  solution  of  a  tea -spoonful 
(28  decigrammes)  of  Boric  Acid  in  a  pint  of  water,  belongs  to  this  category. 
For,  she  adds,  that  she  has  often  irrigated  the  rectum  of  children  with  a 
similar  solution  without  any  untoward  effect.  In  the  external  application  of 
Boric  Acid  also,  experience  has  proved  that  too  concentrated  solutions  may 
produce  eczema.  Danger  has  been  noticed  more  particularly  where  large 
quantities  of  a  solution  of  Boric  Acid  were  injudiciously  injected  into  cavities 
of  the  body.  In  the  majority  of  such  cases  that  are  known,  only  the  per- 
centage and  not  the  quantity  of  the  injected  fluid  has  been  stated,  so  that 
it  is  impossible  to  estimate  the  doses,  but  it  is  certain  that  they  must  have 
been  large  ones.  To  prove  how  useless  such  accounts  are  for  scientific 
purposes,  the  following  two  cases  of  Molodenkow^  may  be  quoted : — 

I.  The  patient  was  a  female,  aged  25,  with  seroiis  exudative 
pleurisy.  Her  pleural  cavity  was  tapped,  and  subsequently  washed 
out  with  a  5  per  cent,  solution  of  Boric  Acid.  Soon  after  the 
operation  vomiting  ensued,  which  increased  violently  towards 
evening,  pulse  small  and  weak.  The  following  day  erythema  set 
in,  commencing  with  the  face,  and  spreading  over  the  back ;  pulse 
scarcely  appreciable,  continuous  vomiting.  Three  days  after  the 
operation,  the  erythema  having  spread  to  the  thighs,  and  the  other 
sympitoms  being  unchanged,  the  patient  succumbed,  consciousness 
being  complete  to  the  last,  only  visual  disturbance  being  complained 
of.     Unfortunately  no  autopsy  was  made. 

II.  Female  patient,  16  years  old,  with  lumbar  vertebral 
kyphosis  and  burrowing  abscess  of  the  right  nates.  Puncture  of  the 
abscess  with  continuous  irrigation  by  means  of  a  5  per  cent.  Boric 
Acid  solution.  Half-an-hour  later  vomiting  (in  this  case,  as  well  as 
in  the  former  one,  no  chloroform  had  been  given)  which  continued, 


theu  debility,  pulse  hardly  appreciable,  and  after  two  days  an 
erythema  beginning  with  the  face,  singultus,  and  death.  The  post- 
mortem was  almost  negative,  except  for  some  extravasations  on 
the  inner  surface  of  the  pericardium  ;  immediate  cause  of  death, 
paralysis  of  the  heart. 


Similar  accidents  are  recorded,  for  instance  by  Lemoine,'  Professeur  a 
la  Faculte  de  Medeciue  de  Lille,  who  injected  a  4  per  cent,  solution  into  the 
pleura  several  times  in  succession.  Apart  from  the  fact  that  the  quantity  of  the 
irrigating  fluid  is  not  mentioned,  the  author  himself  confesses  that  necessary 
precautions  were  omitted.  As  in  this  case,  so  in  Mof.odenkow'.s  cases,  it  is 
obvious  that  the  cause  of  death  may  have  been  other  than  the  Jioric  Acid 
solution.  Hence  those  authors  are  in  error,  who  endeavour  to  i)rove  the 
danger  of  Boric  Acid  by  cases  such  as  the  above.  Wherever  the  doses  are 
stated,  it  can  be  seen  that  excessively  large  overdoses  have  been  employed. 
Thus  Bruzehus'"  de.scribes  a  case  in  which  a  male  patient,  of  23  years  of 
age,  was  given  56  to  60  grammes  in  Ih  litres  of  water  twice  a  day  as  an  enema, 
eleven  days  in  succession.  On  the  eleventh  day  serious  symptoms,  nausea, 
pain  in  the  nose  and  in  the  pharynx,  vertigo,  and  some  skin  affection  set  in, 
pulse  feeble.  Similar  disturbances  were  observed  in  the  case  of  a  woman 
of  62,  related  by  Warfvvinge,"  after  fifteen  days'  treatment  with  daily 
enemas  of  300  grammes  of  2^  per  cent,  solution,  i.e.,  about  15  grammes 
Boric  Acid  per  day.  Both  patients  recovered  after  the  enemas  had  been 
discontinued.  Both  these  cases  might  more  appropriately  be  cited  as  a 
proof  that  even  overdoses  do  no  lasting  harm.  Similar  cases,  described  by 
Hooxer,'-  Rasch,'''  and  Welch, '^  are  on  record ;  it  is  true  they  are  not  quite 
so  lucid  in  character,  the  pathological  condition  of  the  patients  rendering 
a  decisive  opinion  difficult. 

It  is  not  the  medicinal  use  of  Borax  and  Boric  Acid  that  has  given  so 
great  a  prominence  to  the  question  as  to  whether  these  substances  are 
injurious  to  the  organism,  but  rather  their  application  to  the  purposes  of 
food  preservation. 


At    ordinary   temperature    Boric   Acid    belongs    to    the    weakest    acids  Boric  Aci.i 
known.     Even  taste  can  hardly  detect  its  acidity.     How  extremely  slight  its  chai.Keinti 


action  is  on  organic  tissues  is  seen  by  the  blood.  Two  per  cent  solutions  of 
Boric  Acid  do  not  prevent  coagulation  of  blood ;  even  concentrated  Boric 
Acid,  mixed  freely  with  fresh  blood,  only  delays  and  cannot  prevent  coagula- 


blood. 


preservatives 
on  fresh 
material  only. 


Boric 

preparations 
in  use  for  a 
long  period 
of  time. 


tion.     In  fact,  Boric  Acid  lias  scarcelj'  the  character  of  an   acid,  and  thus, 
after  numerous  experiments,  Briicke's'^  words  are  fully  justified  : — 

If  we  look  back  on  all  that  has  been  said,  it  is  clear  that,  in 
its  action  on  albuminous  bodies,  Boric  Acid  has  no  analogy  with 
any  other  acid  hitherto  examined  for  this  purpose,  with  the  sole 
exception  of  carbonic  acid  gas.  Here  however,  the  similarity  is  so 
complete,  that  carbonic  acid  gas,  apart  from  the  qualities  inherent 
in  its  gaseous  condition,  acts  exactly  like  diluted  Boric  Acid. 

Borax,  on  the  other  hand,  by  its  reactions,  proves  itself  to  belong  to  the 
weaker  alkaline  combinations.  Hence  food,  brought  in  contact  with  it,  is  not 
changed  at  all  in  its  chemical  constitution.  If  we  ask  how  far  the  disinfect- 
ing power  of  Borax  and  Boric  Acid  goes,  the  answer  is :  that  they  are  only 
very  weak  antiseptics.  In  a  4  per  cent,  solution  of  Boric  Acid  staphylococci 
retain  their  vitality  for  ten  days.  Even  concentrated  solutions  can  do  no  more 
than  arrest  growth  in  the  case  of  most  microbes,  and  hence  many  authors 
denj'  that  Borax  preparations  possess  any  antiseptic  effect.  But,  since  this 
effect  exists,  as  has  been  amply  proved  by  experience,  the  only  explana- 
tion of  it  is  that  the  arrest  of  growth  suffices  to  protect  food  from  infection 
and  decomposition.  It  follows  from  this  that  Boric  Acid  has  not  the  power 
of  restoring  spoiled  food  to  its  former  normal  condition.  Once  decomjjosition 
has  set  in,  Boric  Acid  loses  its  efficacy,  and  all  it  can  do  is  to  preserve  fresh 
goods  in  their  natural  state.  This  is  the  essential  distinction  between 
boracic  preparations  and  salicylic  preparations  ;  a  valuable  distinction,  as  it  is 
impossible  by  the  boracic  method  to  restore  food  even  when  only  slightly 
tainted.  These  facts,  moreover,  are  in  harmony  with  surgical  experience ; 
a  decayed  tooth  for  instance,  which  can  be  disinfected  by  every  other  kind 
of  disinfectant,  is  not  influenced  by  Borax.  Meat  and  other  solid  substances 
need  only  be  cohered  by  boracic  preparations  to  keep  fresh.  Fish  treated 
in  the  same  way  remain  wholesome,  a  fact  proved  by  LiebreichI''  in  1887. 
Experiments  with  concentrated  Boric  Acid  show  that  it  is  possible  to  destroy 
the  protoplasm  of  the  cells,  but  this  destruction  must  be  ascribed  to  the 
alkaline  concentration  and  not  to  the  specific  action  of  Borax.  Fermentation 
is  arrested  by  concentrated  solutions.  However,  these  strong  concentrations 
are   not  required  in  practice,  and  in  fact  are  never  employed. 

The  most  important  question  in  the  use  of  preservatives  for  food  is 
naturally,  How  do  they  agree  with  the  human  organism  ?  Opposition  to  the 
use  of  boracic  preparations  has  been  raised,  supported  by  the  prejudices 
handed  down  from  bygone  times,  and  special  stress,  as  already  stated,  has 
been   laid   upon   the   accidents    which    have    happened  in   surgical  applica- 


tion,  and  to  a  considerable  extent  upon  imperfect  experimental  researches. 
From  a  practical  point  of  view,  this  question  might  indeed  have  been  con- 
sidered as  already  decided  in  a  favourable  sense,  since — notwithstanding  the 
fart  that  Borax  and  Baric  Aiid  have  been  in  use  as  food  preservatives  for  a 
series  of  derades,  not  a  single  rase  of  injury  to  health  has  Ijeen  oliserved,  just  as 
in  the  pickling  and  smoking  of  meat,  to  which  processes  no  objection  has 
ever  been  made,  although  unnecessarily  large  quantities  of  saltpetre  and  the 
empyreumatic  substances  such  as  carbolic  acid  and  creosote,  which  are  all 
used,  can — unlike  Borax  and  Boric  Acid — have  a  toxic  effect. 

Since  opinion  as  to  the  applicability  of  boracic  preparations  to  food  is 
divided,  it  will  be  advisable  to  weigh  the  chief  points  for  and  against, 
elucidating  obscure  points  by  well-planned  experiments  in  order  to  be  able  to 
give  a  decision  whether  valid  reasons  exist  for  discarding  the  practical  experi- 
ence of  many  years,  and  above  all,  in  order  to  make  sure  of  the  limits  within 
which  there  need  be  no  fear  of  injury  to  health. 

And  here  it  may  be  said  at  once,  that  l/oric  preparations   do    not  belong  Boric 

.  preparations 

to  the  poisonous  sabstanrex.      From  nature  herself  we  may  learn  that  a  sub-  non-poisonous 

•'  {fiee  also  p.  13). 

stance  which  occurs  constantly  in  many  cells,  as  Boric  Acid  does,  cannot  be 
called  a  strong  poison.  It  has  been  alleged  that  Boric  Acid  is  a  poison  for 
plants,  but  this  is  the  case  only  if  the  soil  be  over-saturated  with  Borax  and 
Boric  Acid.  Where  there  is  over-saturation,  the  effect  of  Borax  is  similar 
to  that  of  many  other  non-poisonous  mineral  substances :  growth  is  retarded 
or    arrested.     But   Boric   Acid  is    not    only   non-poisonous,   it  is  a   normal  BoricAci.ia 

^  normal 

constituent  pari   of  mati//  jiluntx.     There  was  a  considerable  .stir  in  1888  p";"^',"'"'"' "' 

when  Baumkkt'^  demonstrated  the  2:)resence  of  Boric  Acid  in    Califoniian 

wines.     The   fir.st  assumption  was   that  there  must  be  adulteration,  but  this 

proved  ungrounded,  for  in   Schmiit's  laboratory  at  Wiesbaden,  Rippku  had 

prcviou.sly  found  Boric  Acid  in  1,000  different   German  and  Foreign  wines, 

which   could   not  be  traced    t(j    adulteration.     Further,   proof  was  brought 

that  Boric  Acid  occurs  in  the  vines  themselves,   and  that  it  thus  enters  the 

wine  in  a  natural  way.     It  was  even  possible  to  isolate  Borium  as  Bor-Fluor- 

Potas.sium   from   two  litres  of  a  jjure   RLssling   wine.     Later  on  B,\umert 

succeeded  in  dcmon-strating  the  presence  of  Boric  Acid  in  the  leaves  and  the 

wood  of  various  species  of  vine  in  the   Freiburg  district,   thus  incontestably 

proving  that  Boric  Acid  is  an  invariable  natural  ingredient  of   wine.     Boric 

Acid   has  also   been   traced   in   the  .so-called  wihl  vine   or  Virginia    creeper 

(.1  ntjjelojisin  (luintjuefolia'). 

It  is  true  that  Boric  Acid  does  not  occur  as  a  normal  ingredient  of  all 
vegetable    products.       Tlicr(;    is    iioiic    in   cidr'i',    I'oi-   instance,   us    Boric    Acid 


does  not  occur  in  apples.  But  Boric  Acid  is  found  in  water  melons,  and  here  it 
is  probably  invariable,  as  it  was  present  in  each  of  the  specimens  examined. 
Moreover,  H.  Jay'**  has  proved  that  a  number  of  plants  absorb  Boric  Acid 
occasionalljr ;  he  found  2ro  to  4xV  per  thousand  in  the  ash  of  these  plants. 

Now  it  is  true  that  substances  which  have  a  poisonous  effect  on  the 
organism  in  general,  such  as  arsenous  acid  for  instance,  can  now  and  then  be 
absorbed  by  plants,  but  such  a  sabstance  has  never  been  demonstrated  as 
invariably  present  in  anj^  one  kind  of  plant,  whilst  this  has  been  proved  in 
the  case  of  Boric  Acid.  Though  this  presence  is  interesting,  since  it  shows 
that  minimum  quantities  of  Boric  Acid  can  be  taken  continuously — or,  as  in 
the  case  of  mineral  waters,  temporarily — without  ill-effects,  it  must  be 
remembered  that  in  the  preserved  food  question  we  have  to  deal  with  larger 
quantities,  and,  above  all,  with  more  continuous  general  use. 

No  cases  of  acute  poisoning  by  the  iiiteiiud  cqjjtlicafloi)  of  Boric  Acid 
or  Borax  are  known.  But  here  it  must  be  exf)ressly  stated  once  more, 
that  resorption  by  the  surface  of  wounds  in  the  rectum  or  the  vagina  in 
pathological  cases  do  not  come  under  consideration,  as  the  conditions  of 
gastric  and  intestinal  resorption  are  totally  different.  A  case  in  point  is 
saltpetre,  which  salt  is  not  poisonous  when  introduced  into  the  stomach  and 
the  intestines,  but  which,  when  introduced  into  a  blood  vessel,  even  in  small 
doses,  causes  the  phenomena  of  poisoning.  It  would  not  have  been  necessary 
to  dwell  especially  on  this  point,  were  it  not  that  this  difference  is  not  well 
brought  out  in  many  text-books  of  toxicology,  and  even  passed  over  in  some. 

Almost  all  easily  obtainable  poisonous  substances  are  occasionally  used  in 
attempts  at  suicide,  and  thus  give  opportunities  to  study  their  toxic  action. 
Not  so  in  the  case  of  Borax  and  Boric  Acid.  Not  a  single  case  is  to  be  found  in 
medical  literature.  Boric  Acid  is  often  prescribed  as  a  mouth  wash  or 
gargle,  and  if  it  were  poisonous  we  should  thus  have  been  able  to  study 
its  effects,  much  as,  unfortunately,  we  have  studied  the  effects  of  chlorate 
of  potash.  But,  though  its  use  is  very  general,  no  disadvantageous  obser- 
vation is  on  record.  On  the  other  hand,  Legendre,'"  in  his  "  Traite 
pratique  d'Antisepsie  applique  a  la  Therapeutique  et  a  I'Hygiene,"  relates 
that  PoLLi  describes  a  case,  in  which  a  soldier  swallowed  25  grammes  (!) 
of  Boric  Acid  by  mistake,  without  bad  results.  A  series  of  experiments  were 
made  on  himself  by  BinswajS'GEr  to  test  the  effect  of  Boric  Acid.  He  took 
5  grains  of  Boric  Acid  fasting,  noticed  no  effect  during  the  forenoon,  took 
four  more  doses  of  5  grains  each  two  hours  apart  during  the  afternoon,  and 
finally  the  last  dose  at  eight  o'clock  p.m.,  i  e.,  more  than  18  decigrammes  in 


on  himself. 


all,  without  any  other  effect — as  the  author  himself  says — than  that  he  enjoyed 
his  supper  famously.  It  was  not  until  he  had  increased  the  dose  tenfold  that 
it  began  to  disagree  with  him  A  drachm  (8,654  milligrammes)  was  taken, 
without  producing  abnormal  syraj)toms.  It  was  only  when  a  second  drachm 
was  taken,  after  two  hours'  interval,  that  vomiting  set  in.  A  third  dose 
having  been  taken  in  the  course  of  the  afternoon,  he  again  vomited ;  after 
a  couple  of  hours  however,  he  completely  regained  his  normal  condition. 

Even  larg-e  doses  of  Boric  Acid  taken  continuously  for  some  length  of  innoeuousness 

o  JO  even  in 

time   have   not    proved    injurious   to    health.        This   conclusion   is   justified  P^'ongefl  use 

from  the  observations  made  in  internal  api:)lication,  and  some  experiments  on 

human    cases.       Polli^"     relates  :     eight   persons   were    able    to   take    each 

2  grammes  of  Boric  Acid  dissolved  in  milk  daily  for  45  days,  and  4  grammes 

daily  for  23  days,  without  showing  the  slightest  abnormal  symptom.     The 

urine   passed   during  the   period   remained   acid   and    without  any  sign  of 

decomposition  for  a  considerable  time. 

Borax,   which    shows   an   alkaline  reaction,   cannot   be    borne   in    such  Binswanger's 

'  experiments 

overdoses  by  the  stomach,  because  alkalis  have  such  a  marked  tendency  to 
produce  nausea.  These  experiments  too,  have  been  made  on  himself  by 
BixswANGER.  Overdoses  brought  on  vomiting,  but  no  general  symjJtoms  of 
poisoning,  although  the  entire  Borax  swallowed  could  not  have  been  brought 
up.  The  author  took  a  drachm  (3,654  milligrammes)  between  5  and  6  a.m. 
in  divided  doses.  Up  to  the  third  dose  no  effect  whatever  was  noticed,  neither 
a  rise  in  the  skin's  temperature,  nor  any  influence  on  the  frequency  of  the 
pulse.  It  was  not  until  the  fourth  dose  that  slight  tendency  to  nausea  set  in, 
which  disappeared  after  an  hour.  When  a  drachm  of  Borax  was  divided 
into  two  doses  and  taken  in  thu  course  of  the  morning,  no  inconvenience  was 
felt  for  the  entire  day. 

Boric  Acid  has  been  taken  therapeutically  for  weeks  and  months,  i^™' 
in  doses  up  to  15  decigrammes,  without  producing  any  untoward  symptoms. 
And  Borax,  even  in  large  doses,  and  taken  during  a  prolonged  period, 
has  been  borne  without  inconvenience.  This  is  authoritatively  borne  out 
by  some  .self-observations  of  Virchow,-'  who  for  three  months  kept  to 
an  alkaline  diet  with  large  doses  of  Borax,  and  found  that,  far  from 
doing  him  harm,  the  treatment  had  a  curative  effect.  If  overdoses  of 
Borax — imt  Boric  Acid — were  to  be  given  for  an  undue  length  of  time, 
tho  result,  as  in  the  case  of  other  alkalis,  would  necessarily  be  a  scorbutic 
condition.  There  has  however,  been  no  o[)p()rtunity  to  observe  sucli  an 
effect. 
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All  these  large  closes  of  Borax  and  Boric  Acid  are  out  of  the  question 
for  hygienic  purposes,  but  they  serve  to  show  that  smaller  doses  can  be  easily 
borne  by  the  organism.  Nevertheless,  it  seemed  advisable  to  turn  to  animal 
experiments  for  further  investigation  of  the  effects  of  Boric  Acid,  in  order  to 
have  a  firmer  basis  for  forming  an  opinion  on  boracic  preparations. 

It  is  true  that  we  cannot  always  draw  direct  inferences  from  animal 
experiments  as  to  the  effect  of  a  siibstance.  But  the  question  of  toxic 
or  favourable  influence  may  be  answered  with  the  fullest  certainty  from 
dog  exjDeriraents,  whilst  rabbit  and  guinea-pig  experiments  lead  to  positive 
results  in  the  feeding  question. 

Experiments  Dogs  cau  bear  large  doses  of  Boric  Acid.    We  may  assume,  according  to 

BoiioAcM.  '  Neumann,22  that,  with  a  body  weight  of  15  kilogrammes,  5  to  6  grammes  of 
Boric  Acid  constitute  the  maximum  dose,  while  larger  doses  may  lead  to 
diari-hoja  and  vomiting.  For  this  reason  dogs  were  fed  with  comparatively 
large  doses.  The  animals  selected  were  a  dog  weighing  12  kilo  700  grammes, 
and  another  weighing  8  kilo  530  grammes.  The  corresponding  maximum 
doses  would  accordingly  be  4'20  to  5'08  grammes  for  dog  A,  and  2"83  and 
3'40  grammes  for  dog  B.  Dog  A  was  given  3  grammes  and  dog  B  2  grammes 
[see  Appendix  1),  doses  varying  but  little  from  those  which,  applied  internally, 
produce  disturbances.  On  the  twelfth  day,  in  the  case  of  dog  A,  and  on  the 
fifteenth  in  the  case  of  dog  B,  vomiting  set  in.  Though  dogs  are  occasionally 
subject  to  vomiting  after  being  fed  with  a  monotonous  diet,  j'et  in  this  case  the 
effect  is  to  be  considered  as  proceeding  from  the  Boric  Acid.  After  36  days 
of  feeding,  no  unfavourable  change  in  general  health  had  taken  place.  The 
dogs  looked  healthy,  and,  what  is  most  important,  dog  A  had  even  gained  260 
grammes  in  weight,  while  the  weight  of  dog  B  had  undergone  no  appreciable 
change.  In  order  to  gain  a  basis  for  comparison,  parallel  experiments  were  made 
with  bicarbonate  of  soda  and  saltpetre,  both  of  which  salts  are  generally 
considered  of  a  more  harmless  nature.  The  doses  given  were  the  same, 
but  the  dogs  were  considerably  heavier  ones,  their  body  weight  surpassing 
Paiaiiei  that  of  the  first  dogs  bv  4  per  cent.     Dog  D  (weight  17  kilo  200  errammes) 

experiments  <o         ^         i  o  \  o  O  / 

cUMcarbonate  ^^^  givcu  3  grammes  bicarbonate  of  soda  daily  for  36  days;  dog  E 
(weight  27  kilo  800  grammes)  the  same  daily  dose  of  saltpetre  (see  Appendix  2). 
Comparison  showed  that  both  these  salts  act  much  more  powerfully  on  the 
intestinal  function  than  Boric  Acid,  for  both  dogs  passed  thin  liquid  stools 
during  four  and  five  days  respectively.  Bicarbonate  of  soda  had  no  influence 
on  the  body  weight,  but  the  saltpetre-fed  dog  showed  a  loss  of  weight 
amounting  to  5  kilo  400  grammes,  /.e.,  equal  to  19.4  per  cent. 


and  bicarbonate 
of  soda. 
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If  the  feeding-doses  of  Boric  Acid  be  kept  below  the  maximum  dose,  cases 
recorded  in  physiological  literature  prove  that  no  disturbance  whatever  ensues, 
and  my  own  experiments  demonstrated  that  when  a  dog  C  was  fed  for  24 
consecutive  days  with  about  one-third  the  maximum  dose  of  Boric  Acid,  no 
untoward  effects  were  observed  (see  Appendix  Ij,  whilst  at  the  close  of  the 
feeding  period  the  dog  had  gained  370  grammes  in  weight.  Experiments 
upon  rabbits  gave  similar  results.  Three  rabbits  of  1370  grammes,  1270 
grammes,  and  1170  grammes  weight  respectively,  were  each  given  30  centi- 
grammes Boric  Acid  in  60  cubic  centimetres  water  mixed  with  their  food 
for  31  days.  The  animals  fed  willingly  on  the  oat  mash  (see  Appendix  3'), 
their  health  was  undisturbed,  and  at  the  close  of  the  feeding  period  they  had 
gained  in  weight  30  grammes,  100  grammes,  and  80  grammes  respectively. 
Like  experiments  were  made  on  three  rabbits,  which  were  given  1  decigramme 
Boric  Acid  in  60  cubic  centimetres  water  mixed  with  their  oat  food  (see 
Appentlis  ■i-),  and  the  result  was  here  also  an  increase  in  weight  and  no  dis- 
turbance in  the  general  condition.  If  the  gain  in  both  feeding  processes  be 
calculated,  the  difference  is  found  to  be  within  the  limit  of  error  in  this 
kind  of  investigation,  and  therefore  admits  of  no  inference. 

As  regards  feeding  with  Bara.r,  nothing  certain  was  known  on  the  subject 
of  maximum  doses  for  dogs.  Occasionally  10  grammes  Borax  had  been  given  in 
food  without  injury  to  dogs  weighing  10  kilogrammes  whilst  in  other  cases 
small  doses  had  been  observed  to  produce  vomiting.  Experience  of  alkaline 
feeding  seems  to  point  out  that  Borax,  as  an  alkali,  is  less  well  borne  when 
introduced  into  the  stomach,  and  that  should  it  reach  the  intestine  in  its 
concentrated  condition,  symptoms  of  irritation  must  necessarilj'  supervene. 
In  order  to  decide  this  question,  the  attempt  was  made  to  give  to  a  dog  a  large 
dose  of  Borax  in  food.  Gruher-'  had  already  attempted  to  give  dogs  15  to  20 
grammes,  for  which  doses  the  animals  showed  aversion ;  but  no  general 
conclusions  can  be  drawn  from  these  experiments  as  to  the  dogs'  dislike  of 
this  substance,  since  aversion  to  so  large  a  quantity  of  any  salt  is  only  natural. 
Such  large  doses  therefore  were  not  made  use  of. 

A  dog  of  1  2  kilo  200  gi'ainmes  weight  was  given  meat  food  with  0  grammes 
Borax  dry  per  day  'see  Appeudi.x  ;>■';.  On  the  sixteenth  day,  the  dog  having 
meanwhile  gained  1  kilograinmo,  symptoms  of  violent  intestinal  inflammation 
sot  in  and  continued  for  five  days.  There  was  severe  hicmorrhago,  appetite 
diminished,  and  howling  and  whining  indicated  a  condition  of  pain.  The 
dosing  was  continued  during  this  period.  On  the  fifth  day  of  illness  tlu;  dog 
recovered  and  seemed  quite  lively.  For  70  days  longer  it  was  fed  witli 
■0  grammes  Horax  daily,  making  a  tolnl  of  l.">0  grammes  ]{ora.\  icilhin  '.•<)  (Idi/n. 
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At  the  end  of  this  period  it  had  gained  3  kilo  400  grammes  in  weight ! 
This  experiment  shows  conclusively  that  Borax  in  too  great  concentration  or 
given  in  substance,  as  was  here  the  case,  is  able  to  call  forth  intestinal 
symptoms,  but  that,  in  spite  of  the  phenomena  of  intestinal  irritation,  no 
toxic  influence  on  the  entire  organism  could  be  observed,  a  fact  supported 
primarily  by  the  increase  of  weight  from  12  kilo  200  grammes  to  15  kilo  620 
grammes,  i.e.,  2-8  per  cent.  Otlier  alkalis  are  not  known  to  he  so  mild  in 
their  influence  on  the  animal  orga.nisnu 

Experiments  on  rabbits  prove  that  even  larger  doses  of  Borax  repeatedly 
given  are  well  borne  if  the  solid  salt  be  not  used.  A  rabbit  of  2400  grammes 
received  twice,  on  the  first  day  and  the  fifth,  the  enormous  dose  of  5  grs. 
Borax  mixed  with  20  cubic  centimetres  water.  The  cesophageal  probang  was 
used  (see  Appendix  3^].  There  was  not  the  slightest  trace  of  any  intestinal 
symptom. 

Guinea-pigs  were  fed  with  large  doses  (5  decigrammes)  of  Borax  (see 
Appendix  4].  Thej^  were  given  this  dose  in  60  cubic  centimetres  water  in 
their  food  every  day  for  95  days.  The  animals  remained  in  their  normal 
condition  throughout  the  whole  period,  and  at  its  close  they  had  increased  in 
weight  from  425  to  436  grammes,  i.e.,  11  grammes  ;  from  340  to  377  grammes, 
i.e.,  37  grammes  ;  and  from  330  to  383  grammes  i.e.,  53  grammes  or  8  per 
cent.,  9nj  per  cent.,  and  16  per  cent.,  respectively. 

The  primary  result  of  all  these  exjDeriments  is,  that  no  determined 
aversion  of  animals  against  Borax  and  Boric  Acid  exists.  This  is  so  far 
favourable,  as  opposition  to  feeding  on  unfamiliar  substances  is  not  infrequently  . 
met  with  from  the  start.  Moreover,  the  experiments  demonstrate  the 
important  fact  of  increase  in  weight.  This  last  phenomenon  can  be  found  too 
in  other  feeding  experiments  that  are  recorded  in  medical  literature,  for  instance 
in  Cyon's**  cases.  A  dog  of  19  kilo  200  grammes  gained  2  kilo  950  grammes 
in  19  days,  a  second  dog  of  23  kilo  700  grammes  gained  1  kilo  900  grammes, 
and  a  third  of  12  kilo  600  grammes  gained  3  kilo  100  grammes  in  the  same 
period.  These  figures  suffice  to  justify  the  assumption  that  the  increase  in 
weight  cannot  be  due  to  chance  factors.  Cage  feeding  is  more  favourable  to 
the  gain  of  weight  than  feeding  in  the  open,  and  therefore  it  would  be  a 
mistake  to  imagine  that  feeding  with  boracic  preparations  exercises  a  special 
influence  on  such  increase.  But  certainly  the  conclusion  is  justified,  that 
nutrition  was  not  impaired  by  the  admixture  of  the  said  preiMrations, 
even  if  it  be  conceded  that  Cyon's  dogs  were  in  an  unhealthy  condition 
previous    to    his    experiments.        The   facts   brought  out  by  these   feeding 
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experiments  are  important,  because  poisonous  qualities  have  been  attributed 
to  Borax  and  Boric  Acid,  ii'hiht  Iwrc  icr  Imcv  tlw  iminf  In  tlir  lont m nj. 

Experiments  on  metabolism  and  the  assimilation  of  food  have  been  sietabc 
undertaken  with  a  view  to  forming  authoritative  conclusions  as  regards 
the  problem  of  nutrition.  Boras  and  Boric  Acid  were  both  given  simul- 
taneously in  food,  but  the  inferences  drawn  from  the  experiments  cannot  be 
subscribed  to  unreservedlj'.  The  investigations  of  Gruber  may  be  mentioned. 
He  finds  increased  excretion  of  urea,  and  draws  the  following  conclusion  : — 

This  experiment  shows,  therefore,  that  Borax  does  not  "  save 
albumen,"  but,  that,  like  common  salt,  Glauber's  salt,  and  other 
neutral  salts,  it  causes  increased  excretion  of  water,  and  thus 
increased  disintegration  of  albumen. 

It  is  hardly  necessary  to  combat  this  opinion,  since  such  large  quantities 
as  were  used  by  Gruber  do  not  enter  into  the  food  question.  On  the  other 
hand,   Gri'ber's  judgment  is  favourable  to  the  use  of  Borax,  inasmuch  as 

he  says  : 

On  the  assimilation  of  food,  Borax  did  not  act  unfavourably, 
for  the  amount  of  the  fasces,  their  solid  contents,  and  the  daily 
amount  of  nitrogen  contained  in  them,  were  within  the  average  in 
meat  feeding.  No  injurious  effect  could  bo  observed,  even  in  the 
case  of  the  largest  dose  (20  grammes)  given  in  food.  Ajjpetite  too  was 
not  found  diminished  on  the  day  following  the  experiment. 

These  experiments,  of  course,  have  done  nothing-  to  elucidate  the 
problem  of  metabolism  where  Borax  and  Boric  Acid  are  taken  ;  they  onlj' 
serve  as  an  example  that  even  overdoses  of  Borax  are  without  danger. 

Elaborate  experiments  on  metabolism  liave  been  made  by  Forstkr.^'^ 
An  exaggerated  interpretation,  in  the  sense  of  cond(>)nning  the  use  of 
boracic  preparations,  has  repeatedly  been  given  to  them,  whereas  the  author 
himself  writes  : — 

On  the  motion  of  this  sub-commission,  and  in  accordance  with 
the  drift  of  my  report,  the  general  commission  declined  to  apply 
to  the  State  authorities  for  legislative  measures  on  the  subject. 
(Am.sterdam,  I  SHI.) 

Before  exjieriiiieiil.^  on  iiiclaliolisni  c-aii  be  applied  lo  practice,  cril-icism 
mU8t  be  brought  to  bear  on  (he  ini'ei-enccs  diawn  Iroiii  tlieiii,  in  order  to 
decide  how  far  they  are  justifiable. 

C 
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In  these  experiments  animals  are  brought  to  an  equihbrium  of  nitrogen, 
i.e.,  they  are  fed  in  such  a  way  as  to  make  the  nitrogen  introduced  in  food 
equal  to  the  nitrogen  excreted  through  the  urine  and  fseces,  besides  the  loss 
of  nitrogen  which  takes  place  by  the  hair  and  epidermis.  If  unfamiliar 
substances  are  mixed  with  the  food,  and  if  subsequently  there  is  an  increase 
of  nitrogen  in  the  ffeces,  this  has  by  some  been  assumed  to  mean  imperfect 
assimilation  of  food.  This  axiom  in  its  baldness  is  incorrect.  Fouster 
himself,  who  is  so  often  wrongly  cited  in  a  sense  unfavourable  to  the  influence 
of  Borax,  has  specially  dwelt  on  the  incomplete  results  which  such  experi- 
ments give,  and  Hoppe-Seyler  had  previously  expressed  the  same  view. 
This  cannot  be  expressed  better  than  in  Forster's  own  words  : 

The  case  is  by  no  means  a  simple  one,  and  I  quite  understand 
that  in  the  above  experiments  too,  all  the  necessarj^  investigations 
of  details  have  not  been  made,  but  only  the  first  steps  taken — so  to 
speak — on  the  road  that  has  been  laid  out.  Hoppe-Seyler's 
remarks  also  show  that  the  quantitative  examinations  and  deter- 
minations of  the  evacuations  of  the  bowels,  as  they  have  been 
carried  out  hitherto,  are  only  of  relative  value,  since  they  do  not 
take  into  consideration  the  exact  composition  of  the  evacuations, 
but  for  the  most  part  only  the  dry  substance,  nitrogen  and  ash,  of 
which  they  are  composed.  In  the  more  popular  as  well  as  in  scientific 
works  on  human  nutrition,  we  frequently  meet  of  late  with  views  from 
which  it  woidd  seem  as  though  the  problem  of  the  so-called  utilisation 
of  different  food-stuffs  in  the  human  intestine  had  been  almost 
completely  solved  since  Hoffmann's,  Voit's,  and  Hubner's 
experiments.  In  another  place  I  have  registered  a  warning 
against  such  an  assumption,  and  have  expressed  my  opinion  that 
real  enlightenment  on  this  subject  may  be  hoped  for  from  further 
experiments,  for  which  our  present  investigations  will  form  but 
the  starting-point.  This  opinion  is  fully  borne  out  by  certain 
results  obtained  in  the  experiments  in  question. 

For  instance,  the  ffeces  of  our  series  of  experiments  of  October — 
November,  1882,  contain  in  their  desiccated  substance  the  following 
amount  of  nitrogen  in  grammes : — 


Experiment. 

In 

"insoluble" 
residue. 

In  alcohol,  etc., 
extract. 

Total. 

1 

1-31 

4-56 

5-87 

2 

2-39 

3-49 

5-88 

3 

2-07 

3-69 

5-76 

15 

There  can  be  no  reasonable  doubt  that  the  nitrogen  contained 
in  the  alcoholic  etc.,  extracts,  forms  a  part  of  combinations, 
originating  in  the  juices  discharged  into  the  intestine  from  the 
interior  of  the  body.  Now  if — in  the  above  experiments — the 
amount  of  absorption  of  the  nitrogenous  substances  were  to  be 
calculated  from  the  total  nitrogenous  contents  of  the  foDces,  we 
should  arrive  at  erroneous  conclusions.  Though  the  figures 
concerned  are  small,  the  error  may  nevertheless  be  quite  large, 
for  in  the  experiments  mentioned  we  calculate  percental  amount  of 
assimilation  of  the  nitrogenous  contents  of  food  as  follows  : — 

From  the  total  Prom  the  nitrogenous 

Experiment.  amount  of  nitrogen  contents  of  the  fseces 

in  the  fiece's.  treated  by  extraction. 

1  (J-7  1-5 

2  8-0  3-2 

3  7-5  2-7 

According  to  the  first  column,  the  supposed  amount  assimilated 
would  be  three  times  less  than  in  reality ;  on  the  average  7'4  against 
2'5  per  cent.  And  it  is  clear  that  the  less  nitrogen  contained  in 
the  food  taken,  the  greater  the  error. 

Now  FoKsTER  found  the  nitrogenous  contents  of  the  fasces  to  be 
comsiderable  when  Boric  Acid  is  taken.  But  as  only  one  experiment  upon 
man  was  made,  it  was  necessary  to  have  recourse  to  animal  experiments, 
which  are  equally  conclusive  in  this  case. 

CuiTTEXDF.N^''  carried  out  three  experiments  on  dogs  in  five  feeding 
periods,  the  result  in  ever}'  case  being  an  increase  of  nitrogen  in  the  f;tcal 
ina.sses.  My  own  investigations  confirmed  this  result  (s'v  Appendix  No.  5). 
It  seems  certain  therefore,  that  an  increase — though  hardlj'  an  important  one 
— of  the  nitrogenous  contents  of  facce.s,  takes  place  when  Borax  or  Boric 
Acid  is  taken  in  food. 

The  superficial  iniVrciict',  that  such  an  increase  is  pi'ejudicial  to  nutrition, 
cannot  be  acquiesced  in,  and  I-'oksikk  riglitly  judges  as  follows: — 

On  the  ba.sis  of  these  expc^rimcuital  results  wc  are  justified  in 
assuming,  that  the  admixture  of  Boric  Acid  to  food  exercises  a  favour- 
able influence  in  so  far  that  through  its  being  eaten  with  food  the 
phenomena  of  putrefaction   in  the  intestine,  which  ensue  where  a 

c  2 
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mixed  diet  is  taken,  and  -^vliich,  by  the  formation  of  aromatic 
substances  in  tbe  intestine  may  lead  to  excretion  of  sulpburic-acid- 
ethers  in  the  urine,  are  diminished.  In  fact,  the  above  figures 
lead  to  the  conclusion,  that  this  diminution  continues  for  some 
time  after  the  supply  of  Boric  Acid  has  been  interrupted. 

Closer  observation  confirms  this  last  inference,  for  the  diminished 
excretion  of  coupled  sulphuric  acids  through  the  urine  is  not  caused  simply 
by  the  action  of  Borax  and  Boric  Acid  in  the  food  during  the  process  of 
digestion,  but  by  the  excretion  of  these  substances  after  absorption  bj^  the 
stomach  and  intestines,  Borax  and  Boric  Acid  exercising  a  sort  of  double 
influence  on  the  organism.  Thus,  nitrogenous  substances  are  not  transformed 
into  absorbable  products  of  putrefaction  in  the  intestine. 


Effect  on  diges- 
tion and  saliva. 
Comparison 
■with  soda  and 
saltpetre. 


Though  the  feeding  experiments  have  not  brought  out  any  specially 
unfavourable  influence  on  digestion  where  the  maximum  doses  were  not 
exceeded,  it  seemed  desirable  nevertheless,  to  examine  Borax  and  Boric  Acid 
in  their  relation  to  the  process  of  digcHtidn,  in  order  to  find  out  whether 
possibly  they  might  do  harm.  Here  too  the  values  obtained  could  only  be 
rightly  judged  when  compared  with  the  digestion  results  in  presence  of  other 
salts.  First  of  all,  the  saliva  was  subjected  to  examination.  Chittenden-'' 
proved  that  the  sugar-forming  power  of  the  saliva  is  but  slightly 
diminished  by  Boric  Acid.  Borax  he  found  to  have  a  very  considerable 
influence  ;  5  per  cent,  brought  about  a  diminution  of  57"8  per  cent,  sugar. 


The  results  given  inAppendix  6  likewise  demonstrate  that  Borax  lowers  the 
sugar- forming  power.  Still  it  may  be  questioned  whether  this  diminution  should 
not  be  ascribed  to  alkalinity.  Both  Table  A  and  Table  B  show  that  carbonate 
of  soda  has  a  far  more  powerful  influence,  an  admixture  of  5  decigrammes 
completely  suspending  the  saccharifying  power  of  the  saliva.  Saltpetre,  on  the 
other  hand,  exercises  no  disturbing  influence  on  the  fermentative  action.  And 
as  regards  gastric  digestion,  proof  could  be  brought  that  where  the  Borax 
digestion  was  properly  directed,  xV  per  cent,  and  J  per  cent,  did  not 
produce  any  trace  of  disturbance  (see  Appendix  7')  ;  \  per  cent,  caused  a 
slight  disturbance,  such  as  always  accompauies  similar  digestion  experiments 
whenever  the  amount  of  common  salt  is  largely  increased  by  the  addition 
of  hj'drochloric  acid  in  presence  of  Soda  salts.  If  we  bring  this  experiment 
to  bear  on  the  process  of  digestion  in  man  and  in  animals,  we  find  that  Borax 
has  a  neutralising  action,  without  injuring  digestion,  in  the  same  way  as 
carbonate  or  bicarbonate  of  soda.     Moreover,  gince  in   gastric  digestion  the 
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coiiteutb  of  the  stomach  are  constantly  being  evacuated,  while  at  the  same 
time  there  is  a  coutinuous  renewal  of  hydrochloric  acid  from  the  coats  of  the 
stomach,  the  experiment  made  outside  the  organism  does  not  authorise  the 
inference  that  Borax  disturbs  digestion.  In  the  internal  application  of  Borax, 
just  as  in  the  experiment  outside  the  organism,  the  only  effect  to  be  considered 
is  that  of  Boric  Acid,  and  the  difference  between  it  and  the  effect  of  Borax  must 
be  sought  in  the  fact  that  Borax,  as  an  alkaK,  has  a  neutralising  action.  And 
that  Boric  Acid  is  by  no  means  a  poison  for  the  digestion  can  be  demon- 
strated by  making  the  digestion  experiment  with  internal  application  of 
Boric  Acid.  For  this  purpose  quantities  of  from  n,  to  5  per  cent,  were 
made  use  of  (see  Appendix  7").  After  24  hours  no  undigested  remains 
could  be  detected  in  any  of  the  cases.  The  high  dose  of  5  pev  cent.  Boric 
Acid  could  be  used  in  this  case,  as  it  was  soluble  in  the  liquid  at  100-4°  Fahr. 

3Iuch  more  unfavourable  were  the  results  of  the  experiments  with 
saltpetre.  When  tV  per  cent,  was  used,  only  about  three-quarters  of  the 
albumen  was  digested ;  M'hen  the  dose  reached  i;  per  cent.,  digestion  began 
to  cease  (see  Appendix  7^). 

The  Panrrrdtir  cjj'cii  too  can  be  estimated  approximatel}^  from  experi-  Pane 
ments  outside  the  organism.  For  this  purpose  a  decoction  of  starch  and 
solutions  of  Borax,  Boric  Acid,  carbonate  of  soda,  and  nitrate  of  potassium 
were  mixed  with  an  extract  of  the  pancreatic  gland  of  a  pig.  From  the 
figures  in  Appendix  S  it  will  be  seen  that  ncltld-r  lUini.r  nar  Jiarii-  Arid 
i'.r/-rris/'x  (1)11/  dixtitrhliuj  i iiJhirHcc  oti  the  truHsforiiiatioii  nf  aturvh  intii  augar. 
In  this  re.spect  they  resemble  saltpetre,  whilst,  on  the  other  hand,  even  ^  per 
cent,  of  carbonate  of  soda  has  a  decidedly  deleterious  action.  The  power  to 
dissolve  albumen  possessed  hy  both  pepsine  and  pancreas  has  been  tested 
by  Keppi.er^"  but  a  very  short  time  ago,  the  author  having  previously 
imjjregnated  the  albumen  with  Borax  and  Boric  Acid.  AYith  this  experi- 
mental arrangement  too,  he  came  to  the  result  Uml  tlir  jirrsi'nrr  i,f  iim-d.r  iir 
Bm'lr  Arid  ill  food  dors  not  in  (iiu/  way  injnrr  Llir  rliriiiiral  rjfii'iirj/  of 
till-  dii/i'xl irr  frrnirii Is. 

In  the  case  of  otlier  soluble  ferments  too,  we  find  that  Boric  Acid 
exercises  no  influence  whatever,  and  Borax  has  an  arresting  influence  solely 
by  reason  of  its  alkaline  effect.  Experiments  were  instituted  for  the  purpose 
of  testing  the  influence  of  Borax,  Boric  Acid,  carbonate  of  soda,  and 
saltpetre  on  emulsiiie  (see  Appendix  9).  We  know  that  emulsine  effects  a  KmhiI 
transformation  of  amygdaline  into  oil  of  bilti  r  alinoiids,  prussic  acid,  and 
sugar.      The  prussic   acid   formed  can  easily    be  determined  quantitatively 
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In  these  experiments  a  control  experiment  resulted  in  the  determination  of 
98J  per  cent.  With  an  admixture  of  ^  per  cent,  of  Boric  Acid,  98  per  cent, 
were  found,  and  with  doses  increasing  to  5  grammes,  97^  per  cent.  These 
figures  show  (since  such  fluctuations  within  the  limit  of  error  may  occur) 
that  Boric  Acid  leaves  the  transformation  intact.  Borax,  on  the  other  hand, 
brings  down  the  formation  of  prussic  acid  ;  1  gramme  lowers  it  to  16f  per  cent , 
3  grammes  even  to  Si  per  cent.  But  it  has  no  toxic  influence  on  the  ferment, 
for  carbonate  of  soda,  as  an  alkali,  shows  a  much  more  powerful  effect. 
This  latter  substance,  at  1  per  cent.,  brings  down  the  quantity  of  prussic 
acid  found  to  2^  per  cent.  Saltpetre  has  certainly  a  more  deleterious 
influence,  and  in  its  case  the  alkaline  effect  cannot  be  made  responsible,  as  it 
is  a  neutral  salt.  At  i  per  cent,  there  is  a  descent  to  83i  per  cent,  of  the 
calculated  quantit3^ 


It  is  well  known  that,  besides  this  chemical  action,  an  important  factor 
in    the  digestive  process    is    the   gastric   and   intestinal  epitliclia.      Hence 


Influence  on 
eastro-inles- 
tinal  epithe- 
lium. 

wJth'soda'anrt     ^^^Y  substance  likely  to  injure  the  epithelium  by  chemical  action  could  not 

saltpetre. 


but  be  considered  injurious  to  the  system. 


Curiously  enough,  Forster's  supposition  that  3  per  cent.  Boric  Acid 
causes  disintegration  of  epithelium,  has  passed  into  literature,  and  often  been 
repeated  without  any  indication  of  its  source,  so  that  graduallj'  the  disin- 
tegration of  epithelia  and  increased  separation  of  intestinal  mucus  have  come 
to  be  regarded  as  an  established  fact. 

Now  FoRSTER  (who,  by  the  way,  drew  his  inference  from  the  observation 
of  a  single  case)  expresses  himself  most  cautiously ;  his  words  being  that 
these  phenomena  "  probably  "  occur,  and  that,  "  for  obvious  reasons  they 
cannot  be  completely  ascertained."  However,  since  these  mere  supposi- 
tions have  by  degrees  been  transformed  into  decided  assertions,  it  seemed 
advisable  to  test  them  by  means  of  animal  experiments. 


The  acid  effect  of  Boric  Acid  and  the  allfaline  effect  of  Borax  on  the  ciliated 
epithelium  were  then  examined.  The  mucous  membrane  of  the  frog  offers  a 
convenient  example  of  ciliary  motion.  It  must  be  admitted  that  possibly  its 
mechanical  power  of  resistance  is  inferior  to  that  of  the  human  or  mammalian 
ciliated  epithelium  ;  however,  in  our  case  the  chief  object  is  not  to  draw 
inferences  and  apply  them  to  the  human  system,  but  rather  to  show  that 
other  substances,  occasionally  introduced  into  the  human  system,  exercise  a 
far  more  powerful  influence  on  the  epithelium  than  Borax  and  Boric  Acid. 
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By  using  the  well-known  niicroscoijic  arrangenunit,  it  was  possible  to 
prove  tliat  ciliary  motion  is  not  arrested  by  a  solution  of  Boric  Acid,  weaker 
than  2  to  3  per  cent.,  whilst  in  the  case  of  Borax  "  4  pi'i'  rod.  xdliitidn 
caunpd  till  diiiiiniitidi}  icliatcfi'r,  I'vcii  aftrr  30  iiiiinitrs.  On  the  application 
of  a  5  per  cent,  solution  the  motion  was  arrested  immediately  on  contact 
with  the  liquid. 

Naturally  the  questions  arise  :  Are  the  values  thus  obtained  high  ones 
or  low  ones  ?  Are  they  ajjplicable  to  other  substances  also  ?  And,  Is  the 
effect  a  specific  one,  or  simply  an  alkaline,  acid,  and  salt  effect? 

Now,  it  can  be  shown  that  5  per  cent,  solutions  of  saltpetre  or  common 
salt  likewise  arrest  the  ciliary  motion  ;  therefore,  the  limit  of  the  arresting 
power  of  Borax  must  be  ascribed  to  the  endosmotic  effect  of  the  salt,  just 
as  in  the  case  of  saltpetre  or  common  salt.  Below  these  limits  of  physical 
action  the  ciliary  motion  remains  just  as  lively  under  the  influence  of  Borax 
as  of  the  other  salts.  For  Boric  Acid  the  case  is  similar.  Here  the  acid 
re-action  alone  is  effective.  Comparativelj'  strong  solutions  of  Boric  Acid  are 
required  to  arrest  ciliary  motion,  whereas  far  smaller  quantities  of 
other  acids  suffice  for  the  purpose.  For  instance,  ^'^  P^^'  mille  hydrochloric 
acid  and  Jg-  per  mille  phosphoric  acid  are  able  to  destroy  the  motion  of 
ciliated  epithelium.     These  investigations  give  clear  proof  that  Bora.r  and 

Burir   Add   '■inuiiif    hr  foHnidt'i'/'d   ili/iirioNS  fa   Ihr  riliil nj   cjiitlii'liuiN. 

]\Iore  important  than  the  action  on  the  ciliated  epithelium  is  the  influence  Action  on 

on  the  epithelium  of  the, (/i'/.v/ro-/»Ms//«r/?  caudl.     This  question  can  be  decided  j."'iy"[jun, 

bj'    vivisection    exj)eriments.       It    is    quite   possible    to    examine  the   direct  epiihe'ihim, 

influence  of  Borax  and  Boric  Acid  on  the  living  epithelium.  with'sortTiIIid 

saltpetre. 

Dogs  were  experimented  on.  Under  narcosis,  by  means  of  morphia  and 
ether,  the  stomach  and  intestine  were  laid  open  and  irrigated  for  five 
minutes  with  \,  1,  2,  3,  and  5  per  cent,  solutions  of  Borax  and  Boric  Acid 
respectively.  For  purposes  of  comparison,  parallel  experiments  with 
solutions  of  conunon  salt,  saltpetre,  and  soda  were  instituted.  The  mucous 
membrane  of  the  stomach  and  intestine  was  examined  while  fresh,  then  obsei'ved 
under  the  micro.scope,  and  re-examined  lutc^r  on  in  permanent  microscopic 
preparations. 

The  results  obtained  will  be  found  in  the  Appendices  10  to  1/J.  the  more  ■ 
inatructive  microscopic    preparations    being    illustrated  on    J'lates    1   and   '2, 
Figs.  I  to  12. 
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The  final  result  of  this  investigation  is  that  Boric  Acid,  even  in  a 
5  per  cent,  solution,  causes  no  change  either  in  the  stomach  or  intestine. 
Boric  Acid  exercises  no  injurious  action  ivhatever  on  the  g astro-intestinal 
epithi'liit.m. 

Borax  has  a  more  powerful  action.  Up  to  \  per  cent,  solution  indeed, 
the  gastric  condition  remains  normal,  a  1  per  cent,  solution  causes  very 
slight  changes,  the  free  surface  of  the  cells  is  affected,  i.e.,  they  become 
translucent,  as  may  be  observed  in  microscopic  preparations  when  an  alkali  is 
added ;  the  mucuos  secretion  is  slightly  increased,  and  there  is  an  extremely 
small  disintegration  of  epithelia.  These  cell  phenomena,  however,  are  of 
no  biological  importance,  as  they  could  only  be  detected  after  the  minutest 
examination.  Not  until  the  solution  reaches  a  2  i^er  cent,  strength  and 
upwards  does  a  distinct  increase  of  mucuos  secretion  take  place,  together  with 
the  first  disintegration  of  epithelial  cells,  i.e.  a  deleterious  effect.  The 
intestinal  effect  is  milder  ;  here  too  the  cells  become  translucent,  but  only 
distinctly  so  when  a  S per  cent,  solution  is  recu-hed.  There  is  no  disintegration 
of  epithelia  \mder  a  5  per  cent,  solution. 

In  order  to  judge  the  effect  of  Borax  fairly,  other  chemical  substances 
occasionally  introduced  into  the  system  should  be  drawn  into  the  experiment. 
If  we  compare  the  observations  in  Appendix  12,  we  find,  what  is  not 
surprising,  that  the  prominent  effect  of  borax  is  that  of  an  alkali.  This  is 
clearly  shown  by  the  soda  experiments.  Even  so  weak  a  solution  as  1  per 
cent,  of  soda  has  an  injurious  effect  on  the  gastric  mucous  membrane, 
for  we  observe  that  not  only  are  the  cells  rendered  translucent,  as  in  the  case 
of  Borax,  but  cells  begin  to  be  disintegrated.  At  3  per  cent,  solution 
dilatation  of  the  blood  capillaries  under  the  mucous  membrane  sets  in,  a 
phenomenon  which  is  not  observed  in  the  application  of  Borax, 

On  the  intestine  the  action  of  soda  is  considerably  more  powerful  than 
that  of  Borax.  At  1  per  cent,  solution  the  deleterious  action  commences ; 
cells  in  large  quantity  being  disintegrated,  whereas  a  1  per  cent.  Borax 
solution  leaves  the  intestine  intact.  In  the  case  of  saltpetre,  the  injurious 
effect  on  the  stomarh — and  on  the  intestinal  nwn/brane  too — begins  at  the  ^ per 
cent,  solution.  It  is  worthy  of  note,  that  even  common  salt  in  a  5  per  cent, 
solution,  exercises  an  inflammatory  action  on  the  gastro-intestinal  mucous 
membrane.  Here  too,  we  have  the  proof  that  no  other  effect  than  an 
alkaline  one  can  be  ascribed  to  Borax,  and  that  it  has  no  specific  injurious 
action  of  its  own. 


21 

For  the  practical  purposes  of  alimeutation  such  strong  solutions  of  Borax 
and  Boric  Acid  do  not  come  in  question ;  but  even  if  such  should  be  taken, 
the  intestinal  contents  would  be  so  much  diluted  by  the  gastro-intestiual 
juice,  bj'  the  flow  of  gastric  juice,  bile,  and  intestinal  secretion,  that  the 
concentration  would  fall  far  below  the  limit  value. 

Brouardel-"  has  very  justly  pointed  out  that  even  small  doses  of  chemical  smaii 
substances,  if  taken  in  food  continuously  for  a  long  period  of  time,  may  alfect  ■loses. 
health.  He  particularly  draws  attention  to  salicylic  acid  as  being  injurious 
in  cases  of  weak  or  diseased  kidney  by  its  accumulation  in  the  system. 
This  is  not  so  with  Borax  and  Boi-ic  Acid.  Weak  and  diseased  kidneys  bear 
Borax  and  Boric  Acid  particularly  well ;  in  fact,  they  form  remedies  of  great 
value  in  kidney  diseases,  as  Virciiow's  own  case  shows.  Moreover,  in  the 
animal  experiments,  there  was  no  trace  of  any  disturbance  in  the  function  of 
the  kidney,  so  that  BROUARnEL's  dictum  on  salicylic  acid  cannot  hold  good 
for  Borax  and  Boric  Acid. 

Animal  experiments   demonstrate   further   that  Borax  is  I'dsUi/  c.rrretcd  Borax  is  easily 

excreted  from 

from  the  svstem,  and  that  no  accKnnihdion  fdhrs  phifr.  This  is  clearly  tiie  system. 
shown  by  the  following  experiments :  Two  dogs,  one  weighing  8  kilo 
640  grammes,  and  the  other  8  kilo,  were  fed  for  five  consecutive  days ;  dog 
Xo.  1  with  Borax,  and  dog  No.  2  with  Boric  Acid,  the  dose  being  150  centi- 
grammes daily,  dissolved  in  60  cubic  cent,  water  and  mixed  with  the  ordinary 
food.  Thirty  hours  were  allowed  to  elajjse  after  the  last  dose,  the  animals 
then  killed,  and  their  brain,  spinal  cord,  blood,  liver,  and  bone  marrow 
chemically  examined  for  Boric  Acid  without  the  slightest  trace  being  found. 
And  in  rabbits,  which  had  been  fed  for  five  consecutive  days  with  daily  doses 
of  100  centigrammes,  and  killed  five  days  after  the  last  dose,  no  remains  of 
Boric  Acid  could  be  found 


On  the  other  hand,  it  has  been  pointed  out  that  the  method  for  the 
chemical  quantitative  analj'sis  of  Boric  Acid  is  far  from  perfect.  This 
mu.st  be  conceded.  But  the  quantities  used  in  the  preservation  of  food  ai-e 
so  small,  that  these  analytical  discrepancies  are  practically  of  no  account.  It 
has  further  been  objected,  that  the  daily  use  of  different  kinds  of  berated 
food  might  disagree  with  the  system  ;  but  this  objection  would  only  be  valid 
if  iJorax  and  Boric  Acid  were  drastic  sub.stauces  with  a  toxic  effect  on  the 
organism.  Should  these  substances  therefore  be  discarded  solely  on  the 
ground  of  these  (wo  miloiindcd  ohjcctions,  a  great  clieck  would  be  given  to 
the  progress  of  natioual   jjrosjierity. 
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Now,  thoug-li  severest  criticism  of  medical  observations,  and  experience 
won  from  experimental  research  justify  the  conclusion  that  Borax  and  Boric 
Acid  are  innocuous  as  preservatives  of  food,  this  assertion  of  course  can  only 
be  valid  within  certain  limits,  a  restriction  which  however  applies  to  all 
victuals  and  drugs ;  for  we  know  that  medicines,  admixtures  to  food,  and 
even  aliments,  when  taken  injudiciously  or  in  excess,  cease  to  be  wholesome, 
and  suddenly  become  injurious  substances.  And  moreover,  if  harm  could 
be  done  by  Borax  and  Boric  Acid  used  in  the  preservation  of  food,  the 
immense  quantities  which  have  already  been  swallowed  would  have  aroused  the 
attention  of  medical  men,  particularly  as  boracic  preservation  is  oj^enly 
practised  (as  may  be  seen  by  the  butchers'  trade  journals),  and  has  been 
unreluctantly  accepted  by  the  working  classes. 

For  the  preservation  of  meat  Boric  Acid  is  used  in  quantities  of  f  to  J 
per  cent.  ;  of  this  a  great  part  is  lost  in  watering  the  meat,  particularly  in 
the  smoking  process  for  instance,  so  that  we  may  estimate  J  per  cent,  as  the 
maximum  amount  which  reaches  the  system.  Experience  has  proved  that 
12  decigrammes  (1-2  grammes)  of  Boric  Acid  or  Borax,  if  taken  in 
food  dailjr,  even  for  a  considerable  time,  does  not  affect  health  injuriously. 
Even  quantities  twice  as  large  have  not  been  j^roved  injurious,  scientific 
investigations  having  decisively  demonstrated  that  these  doses  are  far  below 
the  limit  where  deleterious  action  commences. 

Whoever  studies  the  numerous  experiments  of  different  investigators 
with  care  will  end  in  taking  the  view  of  certain  authors,  a  view  which  has 
been  mentioned  above  in  this  discussion,  viz.,  that  Borax  and  Boric  Acid,  far 
from  being  injurious  to  the  human  system,  are  really  wholesome  substances. 
But  a  far  greater  number  of  observations  will  be  required  before  this  can 
be  conclusively  jjroved. 


Berlin, 

July,  1899. 


Dr.   OSCAR   LIEBREICH, 

o.  6.  Professor  und  Geheimer  Medicinalrath. 
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APPENDIX   No.    1. 


Feeding  Experiments  with  Boric  Acid  on  Dogs, 

(a) 

Yellow  Mastiff  Bitch. 

(i)  Poodle  (male). 

Date. 

Weight. 
Kilogrammes. 

3  gi-ms.  Boric 
Acid  per  day  in 
500  cubic  centi- 
metres water. 

Weight  in 
Kilogrammes. 

2  grms.  Boric 
Acid  per  day  in 
500  cubic  centi- 
metres water. 

23  Mar.,  1899 

12-760 

8-530 

27 

13200 

8-530 

30 

12-400 

8-550 

4  April 

12-400 

8-530 

6 

(vomiting; 
12-130 

8.430 
(vomiting] 

10 

12-O00 

8-350 

13 

12-570 

8-050 

17 

12-550 

8-270 

21 

12-950 

7-920 

25 

13-0-JO 

8450 

28 

13-020 

8-520 

Total 
36  days. 

i       Weight 
gained, 
,   20-6kilogr. 

108  grs. 

Boric  Acid 

fed. 

Weight  lost, 
0-01  kilogr. 

72  grms.    . 
Boric  Acid 
fed. 

{c)   ' 

i'ellow  Terrier  (male). 

Date. 

Weight  in 
kilogrammes. 

1  grm.  Boric 
500  cubic  ce 

Acid  per  day  in 
atimeti-es  water. 

20  April, 

1899 

8-520 

2.5 

8-670 

28 

8-650 

3  Mav 

9-150 

6 

8-870 

9 

8-850 

13 

8  890 

Total,  24 

days.             Gai 

1,  0-;!70  i<il.,gr.        24  grins.  ]{ 

)ric  Acid  catoii. 
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APPENDIX   No.   2. 
(1)  Feeding  Experiment  with  Bi-Carbonate  of  Soda  on  a  Dog. 

(d)  German  Mastiff  (male). 


Date. 

Weight  in 
Kilogrammes. 

3  grms.  in  500  cubic  centimetres 
water  daily. 

23  Mar.,  1899 

27 

30 

4  April 

6 

10 

13 
17 
21 
25 
28 

17-200 
18-100 
17-800 
17-300 
17-500 

(thin  stools) 
17-400 

(thin  stools) 
17-160 
17-100 
17-100 
17-400 
17-150 

Total,  36  days. 

Loss,  0-05. 

108  grms.  bicarbonate  of 
soda  fed. 

(2)  Feeding  Experiment  -with  Saltpetre  on  a  Dog. 

Hound  (male). 


Date. 

"Weight  in 
Kilogrammes. 

3  grms.  in  500  cubic  centimetres 
water  daily. 

23  Mar.,  1899 

27 
30 

4  April 

6 

10 
13 

17 
21 
25 

28 

27-800 
27-400 
26-500 
25-000 
23-900 
(thin  stools) 
23-750 
23-050 
23-000 
22-300 
22  600 
22-400 

Total,  36  days. 

Loss,  5-40 
=  19-4  per  cent. 

108  grms.  saltpetre  fed. 

APPENDIX   No.    3. 


(1)  Feeding  Experiments  with  Boric  Acid  upon 

Rabbits. 

03  grm.  Boric 

_   ,                  Grey  Eabbit. 
Uate.             Weight  in  grms. 

Blue  Rabbit. 

Grey  Babbit. 

Acid  in  60  cubic 

Weight  in  grms. 

Weight  in  grms. 

centimetres 

water  per  day. 

28  Mar.,  1899 

1370 

1270 

1170 

4  April 

1370 

1350 

1330 

6 

1300 

1270 

1220 

10 

1410 

1350 

1220 

13                              1310 

1300 

1200 

17 

1320 

1200 

1150 

21 

1300 

1270 

1050 

25 

1370 

1400 

1250 

28 

1400 

1370 

1250 
+  80 

Total,  31  days.    2.2  pVcent. 

+  100 

9'3grms. Boric 

7 '8  per  cent. 

6-8  per  cent. 

Acid  fed. 

(2)  Feeding  Experiments  with  Boric  Acid  upon 

Rabbits. 

I.— Grey 

II.— White 

III.— Black 

0-1  grm.  Boric 

Date. 

Eabbit. 

Rabbit. 

Rabbit. 

Weight  in  gims 

Weight  in  grms. 

Weight  in  grms. 

1470 

water  per  day. 

20  April,  l.SiiiJ 

1200 

1300 

25 

1220 

1300 

1500 

28 

1350 

1370 

KiOO 

3  May 

1240 

i;570 

15S0 

(i 

1270 

1350 

1700 

'.) 

1250 

1330 

1050 

13 

1270 

1370 

+  71) 

l(i30 

+  HiO 

+  70 

2'4  grms. 

Total,  24  day.s 

^  5  08  per  cent. 

5 '4  per  cent. 

10-88 per  cent. 

Boric  Acid. 
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APPENDIX   No.  ?,— continued. 

(3)  Feeding  Experiments  with  Borax  upon  a  Dog. 

Black  poodle  bitch  received  daily  50  grs.  Borax  dry  in  meat. 

1  Dec,  1897.      12-200  kilogrs. 

16  13'2U0  kilogrs.     Blood  in  stools.     Appetite  feeble. 

17  Violent  bleeding. 

20  Howls  a  great  deal.     Bleeding.      Remains 

in  cage.     Appetite  not  diminished. 

23  Entirely  active. 

1  Mar.,  1898.      15-620  kilogrs. 

Gain,  3-42  kilogrs.     Has  taken  450  grs.  within  90  days. 


(4)  Feeding  Experiments  -with  Borax  upon  a  Rabbit 
(weight,  2"400  kilogrammes). 

1  Dec,  1898.     5  grms.  Borax  in  20  cubic  centimetres  water,  poured  in  by  the 
oesophageal  probang. 

5  The  same  dose. 

The  animal  remains  absolutely  normal. 
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APPENDIX   No.   4. 


Feeding  Experiments  with  Borax  upon  Guinea  Pigs. 

Three  Guinea  Pigs  received  daily  O'o  grm.  Borax  in  60  cubic  centimetres  water. 


O'o  grm.  Borax  in 

Date. 

I.— Weight 
in  grms. 

II.— Weight 
in  grms. 

Ill.-Weight 
in  grms. 

60  cubic  centi- 
metres -water 
per  day. 

29  Nov.,  1897 

425 

340 

330 

.  2  Dec. 

500 

440 

430 

6 

480 

420 

400 

9 

460 

375 

380 

1.3 

480 

420 

405 

16 

440 

365 

370 

20 

445 

400 

370 

23 

440 

350 

360 

27 

460 

380 

390 

:]0 

444 

365 

370 

■■',  Jan.,  1898 

446 

370 

375 

5 

420 

340 

370 

10 

395 

360 

340 

13 

405 

344 

355 

17 

400 

350 

350 

20 

390 

365 

340 

24 

395 

347 

362 

27 

415 

370 

380 

31 

422 

372 

376 

■■',  Fob 

425 

375 

370 

7 

430 

370 

373 

11 

428 

371 

375 

15 

431 

370 

376 

19 

429 

374 

378      ' 

22 

425 

372 

374 

2o 

428 

370 

379 

28 

432 

37;'. 

381 

3  Mar. 

436 

.".77 

383 

Total,  95  days. 

+  11 

+  37 

+  53 

47*5  giins. 
Borax  fed. 
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APPENDIX  No.   5. 


Metabolism  Experiment.— Dog. 

I. 

Urine. 

Fseces. 

3 

Nitro- 
genous 

Date. 

tc 

con- 

Nitro- 

Nitro- 

Balance. 

^ 

tents  of 
food. 

Vol- 
ume. 

gra- 
vity. 

Ee- 

aotion. 

genous 
con- 
tents. 

Fresh 

Dry. 

genous 
con- 
tents. 

A. — Preliminary  period. 

7  Mar.,  1899 

7700 

8-749|i  32011028 

acid 

7-078 

179 

— 

— 

8 

7710 

8-749' 

306 1030 

7-111 

209 

— 

— 

9 

7680 

8-7491 

2101028 

- 

7-056 

165 

— 

— 

10 

7650 

8-749 

250 

1030 

5-700 

240 

213-5 

9-349 

11 

7760 

8-749 

390 

1028 

- 

6-115 

189 

— 

— 

12 

7730 

8-749 

295 

1028 

,- 

7-115 

208 

- 

— 

13 

7750 

8-749 

245 

1030 

- 

7-066 

146 

152-5 

6-292 

14 

7720 

8-749 

250 

1030 

alkal. 

5-250 

188 

— 

— 

15 

7680 

6-749 

235 

1030 

acid 

6-843 

160 





16 

7630 

8-749 

220 

1031 

- 

5-289 

260 

173-0 

7365 

87-490 

2721 

64-623 
23-006 

1944 

549  0 

23  006 

—0-139 

87-629 

B.— Borax  period.     20  grs.  Borax  daily. 

17  Mar.,  1899 

7650 

8-749 

172 

1044 

alkal. 

6-020 

138;   — 

— 

18 

7620 

8-749 

158 

1044 

- 

4-734 

121 



— 

19 

7690 

8-749 

198 

1042 

- 

5-655 

190 

— 

20 

7750 

8-749 

275 

1039 

- 

6-083 

141 

590 

11-301 

21 

7800 

8-749 

240 

1039 

_ 

5-040 

182 

_ 



22 

7800 

8-749 

215 

1039 

"- 

5-599 

139 



— 

23 

7790 

8-749 

195 

1039 

- 

5-078 

152 

473 

9-020 

24 

7770 

8-749 

280 

1036 

. 

6-350 

191 





26 

7720 

8-749 

370 

1034 

- 

6-112 

175 



— 

26 

7700 

8-749 

290 

1038 

- 

5-846 
56-517 

205 

571 

11-014 

87-490 

2393 

1634 

504 

31-335 

—0-362 

31-335 

87-852 

C. — After  period. 

29  April,  1899 

7710 

8-749 

260 

10381  alkal. 

6-625 

162 

— 

— 

30 

7750 

8-749 

230 

1039 

_ 

6-054 

182 





1  May 

7820 

8-749 

220 

1040 

- 

6-703 

193 





2 

7880 

8-749 

195 

1040 

- 

6-716 

190 

200-5 

9-764 

3 

7850 

8-749 

165 

1041 

_ 

4-943 

205 





4 

7870 

8-749 

290 

1034 

- 

6-538 

228 





0 

7850 

8-749 

85 

1041 

. 

7-589 

176 

171-0 

8-312 

6 

7830 

8-749 

255 

1036 

- 

8-568 

190 

. 



/ 

7790 

8-749 

100 

1040 

- 

3-284 

137 





8 

7750 

8-749 

152 

1040 

- 

5-107 

225 

156-5 

7-651 

87-490 

1952 

62-127 
25-727 
87-954 

1888 

528-0 

25-727 

-  0-464 
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APPENDIX    No.    (i. 


Influence  of  Borax,  Carbonate  of  Soda,  and  Saltpetre  on 
Salival  Ferment. 

Into  each  of  a  number  of  small  flasks,  10  cubic  centimetres  of  mixed 
human  saliva,  obtained  by  subcutaneous  injection,  were  introduced,  then 
solutions  (if  Borax,  carbonate  of  soda,  and  saltpetre,  as  well  as  20  cubic 
centimetres  2^  per  cent,  decoction  of  starch  added,  together  with  water 
enough  to  make  100  cubic  centimetres.  After  standing  at  122°  Fahr.  for 
an  hour,  then  boiled,  the  sugar  which  had  formed  in  each  flask  was 
determined. 


Small  Flask 

I. 

ir. 

III. 

IV. 

V. 

VI. 

VII. 

Borax. 

Carbonate  of  Soda 

Saltpetre. 

Control. 

Admixture  of       .  . 

Sugar 

1 

01 
0-164 

0-5 
0-158 

0-1 
traces 

0-5 
0-0 

0-1 
0-207 

0-5 
0-2-29 

0-2075 

The  same  arrangement,  but  the  flasks,  after  having  stood  for  an  hour 
at  122"  Fahr.,  were  only  boiled  up  after  20  hours. 


Small  Flasks. 

1 

vin. 

IX. 

X.          XI. 

XII. 

XIII. 

XIV. 

! 

Borax. 

Carbonate  of  Soia 

Saltpetre. 

Control. 

Admixture  of 
Sugar 

0-1           0-5 
0-204     0-205 

0-1 

0-210 

0-5 
0-0805 

0-1 
0-208 

0-5 
0-256 

0-249 
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APPENDIX   No.    7. 

Artificial   Digestion-Experiments  with  Borax,  Boric  Acid, 
and  Saltpetre. 

05  grm.  Pepsine,  0'8  grm.  hydrochloric  acid,  and  0"5  grm.  albumen 
were  put  into  each  of  several  .small  fla.sks  ;  then  solutions  of  Borax 
(neutralised  by  tV  >u>rnud  liyclrochhiric  (icid).  Boric  Acid  and  saltpetre  were 
added,  and  water  added  to  make  100  cubic  centimetres.  The  flasks  were  left 
standing  for  24  hours  at  98'6°  Fahr. 

I. — Borax. 


Small  Flask. 

I. 

II. 

III. 

IV. 

Admixture  of  Borax 

0-1 

0-25 

0-5 

Control- 
exjDeriment. 

Neutralised  with  yL  nor- 
mal hydrochloric  acid 

5-3 

13-25 

26-5 

0-0 

Digested .  . 

Entirely 

Entirely 

Small 
residuum 

Entirely. 

01 


II. — Boric  Acid. 


!    n. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

0-25 

0-5 

1-0 

15 

2-0 

2-5 

4-0 

IX.  X. 


4-5    !      50 


After  24  hours  at  98'6°  Fahr.,  perfect  digestion  in  each  case. 


III. — Saltpetre. 


SmaU  Flasks. 

I. 

II. 

III. 

0-5. 

IV. 

Admixture  of  Saltpetre 
Digested  after  24  hours 

0-1 

3 

4 

0-2 
1 

2 

1-0 
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ArPENDIX   No.   s. 

Action   of  Borax,  Boric  Acid,  Carbonate  of  Soda,  and  Saltpetre 
on  Extract  of  Pancreas. 

The  pancreatic  gland  of  a  pig,  weighing  11(1  grms.,  niter  being  rubbed 
down  with  sand  and  powdered  glass,  was  left  to  digest  for  an  hour  in  550 
cubic  centimetres  water ;  50  cubic  centimetres  of  the  filtrate  was  mixed  with 
different  salt  solutions,  30  cubic  centimetres  of  a  decoction  of  starch  was 
added,  and  the  whole  brought  to  150  cubic  centimetres  by  addition  of  water. 
Left  to  stand  for  "^4  hours  at  98  G'^  Fahr.  ;  then,  after  separation  of  the 
albuminoid  bodies,  the  quantity  of  sugar  formed  was  determined. 


SmaU  Flasks. 

I. 

II. 

III. 

IV. 

V. 

Borax. 

Boric  Acid. 

Admixture  of  .  . 
Glucose  found.  . 

1-0 

0-768 

2-0 
0-770 

3-0 
0-753 

2-5 

0-790 

50 
.0-789 

Small  Flasks. 

VI. 

VII. 

VIII. 

IX. 

X. 

Carbon  iito  of  Soda. 

Nitrate  of  Potash. 

Control- 
experiment. 

Admixture  of           .  . 
Glucose  found 

0-5             1-0 
0-530         0-355 

0-5             1-0 
0-790         0-785 

0-791 
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APPE^TDIX   No.   9. 

Action  of  Borax,  Boric  Acid,  Carbonate  of  Soda,  and  Saltpetre 
on  Emulsine. 

0"5  emulsine  was  put  iuto  a  number  of  small  flasks  and  brayed  witb 
solutions  of  weighed  quantities  of  Boric  Acid,  Borax,  saltpetre,  and  anhydric 
carbonate  of  soda  ;  then  the  weighed  amygdaline  added,  and  water  added  to 
make  100  cubic  centimetres.  Left  to  stand  for  48  hours  at  100'4"  Fahr., 
and  then  acidified  by  sulphuric  acid ;  then  distilled  into  receivers  previously 
charged  with  liquor  potassa3,  and  the  prussic  acid  titrated  in  the  distillate  bj^ 
means  of  a  solution  of  silver. 


Sniall  Flasks. 

I. 

II. 

III. 

IV. 

V. 

VI. 

Boric  Acid. 

Admixture  of 

0-6 

1-0 

2-0 

2-5 

4-0 

5-0 

Amygdaline 

1-583 

1-513 

1-561 

1-612 

1-690 

1-659 

Prussic  acid  found  .  . 

0-0919 

0-0874 

0-0898 

0-0929 

0.0972 

0-0956 

Prussic  acid  calculated        .  . 

0-0937 

0-0894 

0-0922   0-0952 

00999 

0-0980 

In  ])er  cent. .  . 

98-0 

97-8 

97-4       97-5 

1 

97-3 

97-5 

Small  Flasks. 

vir. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

Borax. 

Saltpetre. 

Carbonate  of 
Soda. 

Control" 
experi- 
ment. 

Admixture  of 

1-0 

2-0 

3-0 

0-25 

0-5 

0-5 

1-0 

— 

Amygdaline 

r 

1-672   1-578 

1582 

1-557 

1-427 

1-855 

1-844 

1-461 

Prussic  acid  found 

0-0162 

0-010500082 

0-0773 

0-0729 

0-0054 

00027 

0-0848 

Prussic     acid     cal- 
culated. 
In  per  cent. 

0-0988 
16-4 

0-0932 
11-3 

0-0935 
8-8 

0-0920 
86-8 

0-0843 
83-8 

0-109€ 
4-9 

0-1089 
25 

0-0863 
98-2 
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APPENDIX    No.    10. 

Experiments  on  the  influence  of  Boric  Acid,  Borax  (anhydric), 
Soda  (anhydric),  Saltpetre,  and  Common  Salt  on  the  gastric 
and  intestinal  epithelia  of  Dogs. 

Dogs  were  narcotised  b}'  means  of  morphine  hj'drocliloride  and  ether, 
the  stomach  laid  open  and  evacuated,  and  parts  of  it  irrigated  for  five 
minutes  with  the  solutions  mentioned.  The  small  intestine  was  dixided 
into  separate  parts  by  ligatures,  without  injuring  the  afferent  bloodvessels. 
The  divisions  were  filled  with  the  different  liquids  without  much  tension. 
Opened  after  five  minutes.  Mucous  membrane  excised  and  examined  in  a 
fresh  state  under  the  microscope.  For  further  microscopical  examination 
fresh  pieces  of  the  ga.stric  and  intestinal  mucous  membranes  were  fixed  and 
hardened  iu  absolute  alcohol,  then  embedded  in  paraffin.  The  sections 
coloured  with  h-icmatoxyline  fnuclear  staining)  and  eosine,  and  mounted  in 
Canada  balsam. 

EXAMINATION   OF   THE   STOMACH. 


Per- 
centage 


Boric  Acid. 


Borax. 


Soda. 


—  Gastric     mu-  Mucous  mem-  Remains  nor- 

cous      mem-    brane      be-    mal 
brane     re-    comes    paler 
mains    per-    immediately, 
fectly  nor-   otherwise 

mal  normal 

Mucous  ni'Mii-  Very  sb'glit  Mucous  mem- Distinct  pallor 
brane,  nor-  pallor, other-  brane  im-  immediately, 
mal  wise     nor-  nied  i  a  t  el  y:  increasing 

mal  becomesquite!  during    irii 

pale  gation 


Saltpeti-e. 


Mucus    of     iiSome  increase 
whitish    col-!  of  pallor 
our 


paler  ; 
brane    seems'  s  o  m  e  w  h  a  t 


Mucous  mem-Still 
brane 

li-btly 


Mucous  mem- 
bran  e  im- 
mediately 
becomes  very 
pale 

Ditto 


Greater  pallor 
than  with 
the  1  per 
cent,  solution 


Ditto, 

spots 
the    t 


white 

wliere 
jlution 


Common  Salt. 


.M 


irji'Mi- 
11',       .•(feci. 

normal 


Din  I 


.Miicdii 
braiu 
than 
the 
con  ceil  f  ra- 
tions 


impinges  on 
the  me  m- 
braile 

riiom-  All  symptoms 

piiler    become  more 

with    distinct 

it  her 


Mucous  mem- 
brane a  uni- 
form pink 
colour 


Ditto 


34 


APPENDIX   No.    11. 

Microscopic  Appearances  of  the  Fresh  Gastric  Mucous  Membrane. 

Boric  Acid.     I         Borax.  Soda.  Saltpetre.       .  Common  Salt. 


Gastric  mu- 
cous mem 
brane     nor 

mal 


Normal 


The  free  sur-  No        change 
face   remains  recognisable 
perfectly  normal 
normal 

ditto  normal  The  free  sur 
face  of  the 
mucous  niem- 
braneissome- 
what  trans- 
lucent and 
covered  b}^  a 
laj'er  of  cast 
epi  th  e  lial 
cells,  which 
are  modified 
in  the  same 
way  as  by  an 
admixture  of 
caustic  s( 
solution.  The 
epithelium, 
which  still 
remains  fixed 
on  the  sur 
face,  shows  no 
discernible 
alteration 


The  greater 
part  of  the 
epithelial 
cells  are  nor 

mal.  Som( 
are  swollen 
up  and  trans- 
lucent. They 
are  more 
easity  detach- 
able from  the 
foundation, 
and  are  min- 
gled with  the 
slightly  in- 
creased layer 
of  mucus 


The  same 
changes,  but 
more  cast  off 
cells.  The 
transparency 
and  shedding 
of  the  cells 
goes  on  to  a 
greater  depth 
in  the  mucous 
m  em  brane 
than  before 


Cells  normal 


Here  and 
there  are 
found  a  few 
swollen  cells 
projecting 
dome  -  lik 
beyond  the 
free  surface 
of  the  epi 
thelium  Only 
these  cells 
are  turbid 


In  most  places 
no  alteration 
of  the  epithe- 
lial laj'er  is 
observable. 
Onlj'  the  top- 
most layers 
show  a  num- 
ber of  swollen 
cells  ;  the 
latter  are 
dome-shaped, 
turbid,  and 
highly  gran- 
ulated 
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APPENDIX   No.    n—rmifiHHrd. 


'd     Normal 


Borax. 


Cliauges  ol 
the  saint' kind 
and  dearec 


Soda. 


Saltpetre.         Common  Salt. 


Kind      andiWith    low-Normal 


degree  of 
change  the 
same  as  in 
2  per  cent, 
solution 


DOwer  mag  - 
n  1  n  ca  tio  11 
the  epithelial 
layers  of  the 
mucous  mem- 
brane appear 
less  trans- 
parent than 
they  are  nor- 
mally 

With  high 
magnifying 
power  an  in- 
tense granu- 
lar turbidity 
of  the  epi 
thelial  cells  is 
seen.  The 
latter  have 
lost  their 
characteristic 
cylind  rical 
shape ;  some 
of  them  look 
like  misshap- 
en bales.  Bui 
they  are  still 
connected 
one  with  the 
other,  and 
have  only 
lost  their  cell 
boundaries  at 
many  ])laces 


o     Normal 


Ditto.onlythelThe  surface  is 
inter-cellular  destroyed    t 
connection  iii  such  a  depth 
some  places  is!  that       on 


T  h  e 
cluiiu 


I  in  e  Normal 


greatly  swol- 
len 


the  normal 
glands  below 
there  lies  a 
layer  of  mat- 
ted hicmoglo- 
binous  masses 
in  wliich  colls 
can  be  liardly 
recognised 
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APPENDIX   No.    12. 


Stomach,  Microscopically  Examined  in  Hardened  Preparations. 


centege.       So"c  Acid. 


Perfectly 

normal 


Mucous  raem- 
brane    per- 

fectlj'     nor- 
mal 


A  slight  layer 
0  f  mucus 
discernible 
on  the  cells, 
which 
other  respects 
are  normal 


Soda 


Saltpetre. 


Free  border 
of  cells  con- 
siderably 
s  h  o  r  t  e  r , 
boundaries 
indistinct, 
plentiful  de- 
posit of  mu- 
cus 


E  ssentially 
the  same.  In 
the  mucus- 
layer  there 
are  a  few 
solitary  cells 
that  have 
been  shed 


Exposed  cell-  Free  surface 
embrane  of  cells  co- 
completely  agulated. 
obliterated,  Border  ir- 
Otherwise!  regular 

normal 

Cell  -  bouud-iThe  border  is 
aries      oblit 
erated.     Nu- 
merous   cells 


Surface  en- 
tirely normal 
All  cells  well 
preserved.  A 
trace  of  mu 
cus-layer 


Surface  per- 
fectly nor- 
mal 


The   same 
in    a    2    per 
cent,  solution 


less  even  and 
the  cells  pro- 
ject      dome- 
have  been  cast!  like  ;     other 


The  upper 
portion  of  the 
epi  th  elia 
cells  is  de 
tached  and 
lies  separate 
on  the  top  of 
the  remain 
ing  mucous 
membrane 


off  and  are 
superposed  on 
the  mucous 
membrane^ 
forming  a  sep- 
arate layer 
Cells  irregu- 
lar, have  be- 
come quite 
low.  Cell 
boundaries 
obliterated 
On  the  sm-f  ace 
a  layer  partly 
albuminous 
and  partly 
mucous 
The  same  ap- 
pearance 
before.  On 
the  surface  a 
thick  albu- 
minous layer. 
The  sub-mu 
cous  vessels 
greatly  con 
gested 

Surface  cells 
in  some  places 
completely 
shed ;  other- 
wise same  as 
in  the  3  per 
cent,  solution 


wise  the  cells 
are  distinctly 
preserved 


Cells  have  be- 
come lower 
On  the  sur- 
face there  is 
granulated 
substa  nee 
probably  al 
bumen  (since 
it  is  stained 
red) 

The  cells  bo- 
come  irregu 
lar  in  height ; 
o  therw  i  se 
same  as  above 


Coiumon  Salt. 


Slight  accu- 
mulations of 
mucus  on 
the  surface 
of   the    cells, 

otherwise 
normal 


The  same 
before.  There 
is  also  a  layer 
of  mucus 


Slight  irregu- 
larities on 
the  surface 
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APPENDIX   No.    Vi. 


Microscopic  Inspection  of  the  Intestine. 


Per- 
centage. 


Boric  Acid. 


Borax. 


Soda. 


Saltpetre. 


Mucous  mem-  Mucous  mem-  Mucous  mem- 
brane *  re-i  braue  paler.'  brane  nor- 
raains  nor-  othtM-wise  uial,  slightly 
mal  normal         paler 


Common  Salt. 


Mucous  mem- 
brane hardly 
paler 


Ditto 


Mucous  mem- Ditto  slightly  Mucous  mem 
brane      very  reddened  brane      more 


Mucous  mem- 
brane pale 
and  slightly 
swollen 


Ditto 


little  paler 


swollen,  pale 
jjink,      andj  mal 

succulent 


Mucous  mem 
brane  a  little 
paler,       m 


Mucous  mem-  Ditto  normal  More    swollen  Very    little  Mucous  mem- 
brane   some-!  i  thaa   with   2  paler    than' brane  smooth 


what  paler 


Mucous  mem-  Ditto  redder 
brane     much 

paler,    nor- 
mal 


percent. solu-  normal 
tion.    Redder 
and      more 
succulent 


Mucous  mem-  Very  red  and 
brane     much]  succulent 
reddened, 


much  swollen 
and  extreme- 
ly succulent 


The  indi- 
vidual cells 
indistinct,but 
still  recog- 
nisable 

Mucous  mem- 
brane pale, 
smooth,  and 
swollen,  the 
indi  vidual 
cells  not 
recognisable 


APPENDIX   No.    14. 


Microscopic    Appearance    of    the 
Intestinal  Mucous  Membrane. 


Borio  Acid. 


Borax. 


Soda. 


Saltpetre. 


Common  Salt. 


Mucous  mem- 
brane nor- 
mal 


Ditto 


Ditto 


Normal 


Epithelium 
perfectly 

normal 

In  some  jjlaces 
slight  swell-j 
ing  of  the. 
mucous  mem- 
brane, so  that 
the  margin  of 
its  surface! 
looks  slightly 
irregular 
Ditto 


Ditto 


Ditto 


Ej)ithelium 
normal 

A  small  num- 
ber of  th 
epi  the  lial 
cells  have 
been  shed, 
and  these  are 
slightly 
swollen 

Many  cells 
disintegrate  d 
and  swollen. 
In  many 
places  the 
epithelial 
cells  are 
still  attached 
and,where  so 
they     are 

normal 

Same  as  with 
2  per  cent 
solution,  but 
more  intense 


Epithelium 
normal 

Ditto 


Almost  all 
structure  has 
disappeared 
Ihe  cells  are 
disintegrated 
macer  ated, 
swollen, 
and  translu- 
cent. Shape 
of  any  kind 
can  hardly 
be  discerned. 
The  action 
extends  in 
some  parts  as 
low  down  as 
the  c  6  11  - 
stroma 


The  epithelial 
cells     are 

normal 


Epitheli  a  lEpithelium 
cells  a  little!  normal 

swollen,  mar- 
gin irregular, 
cells  slightly 
granulated 
and  turbid, 
cell-bound- 
aries some- 
what indis- 
tinct 

The  epithelial  Normal 
cells  are  swol- 
len, the  outer 
margin  irre 
gular,  th( 
cells  muchi 
granulated 
and  turbid, 
and  the 
boundaries 
indistinct 


APPENDIX    No.    ir> 


Hardened  Preparation  of  the  Intestine  examined  under 
the  Microscope. 


Per- 
centage, 

Boric  Acid. 

Borax. 

Soda.                Saltpetre. 

Common  Salt. 

i 

Cells  normal 

A     slightly 
thicker  coat- 

Normal          A  very  small 
number       ot 
disintegrated 

ing    of    mu- 

cells. 

cus     on     the 

surface 

I 

Mucous  mem- 

I'he   cells    at 

Cells    disinte-         Ditto. 

brane     nor- 

the     surface 

grated    in 

mal 

form   a  mat- 
ted    layer. 
Nuclei    nor 
mal.      The 

border    mar- 
gin   has  dis- 
appeared 

numbers. 
Cell  -  bound- 
ary  has    dis 
appeared. 

Nuclei   nor- 
mal 

2 

Ditto 

Same  as  with 
1    per    cent, 
solution 

Cells  cast  off  Cells   cast  off 
in    numbers    in    numbers 
Cells   at    the  The     epithe- 
surface   mix-  lial      cells 
ed  with  mu-  swollen  on  the 
c  u  s        and  surface     and 
albumen            somewhat  ir- 
regular 

3 

Ditti, 

Same  as  with 

The   cells   are  Ditto,      some- 

Mucous  mem- 

1    per    cent. 

covered  with  whatstronger 

brane    per- 

solution 

a  tliick  layer 
of     albumin- 
ous       mucus 
and    disinte- 
grated cells 

fectly     nor 
mal 

0 

Normal 

Ceils    disinte- 

Ditto         Nearly     the 

Normal ;    in 

grated     in 

entire   proto- 

some    places 

great      num- 

plasmic layei 

the  secretion 

bers.     Nuclei 

is  destroyed. 

of      mucus 

everywhere 

slightly      in- 

di stinctly 

creased. 

visible 
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EXPLANATION    OF    THE     ILLUSTRATIONS. 


PLATE  1. 

Fig.  1.     Section   of   a    nonintJ   stomach.       The    Epithelium    is    completely 

preserved,  the  nuclei  lie  at  the  basis   of  the  cells.     The  separate  cells 

are  distinctly  defined.    The  free  surface  presents  a  smooth  appearance, 

no  cells  projecting  above  it. 

Fig.  2.     i  per  cent.  Bora.r,  no  change  as  compared  with  Fig.  1.     (Stomach.) 

Fig.  3.     1    per   cent.    Borax.      The  cells   are    shorter  than    normal.     The 

cell  boundaries  indistinct  and  vague.     (Stomach.) 
Fig.  4.     5  per  cent.   Boric  Acid.      Stomach  also  normal.     No  effect  can  be 

perceived. 
Fig.  5.     J  per  cent.  Soda.     The  cell  boundaries  faded.     (Stomach.) 
Fig.   6.      1   per  cent.  Soda.     The  cell  boundaries  are   faded,    disintegrated 
cell-substance  on  the  surface.     (Stomach.) 


PLATE  2. 

Fig.  7.  5  per  cent.  Saltpetre.  Shows  an  estremelj^  jjowerful  effect.  The 
cell  boundaries  are  preserved  wherever  the  cells  are  preserved  ;  in 
some  places^  however,  the  epithelium  is  completely  destroyed ;  on  the 
surface  there  is  a  mass  of  mucus  mixed  with  blood.     (Stomach.j 

Fig.  8.  Normal  Intestine.  The  surface  shows  a  cuticular  layer  with 
double  contour,  some  goblet-cells  are  to  be  seen,  the  nuclei  lie  at  the 
basis  of  the  cells.  The  cell  boundaries  are  visible,  but  they  are  not 
so  distinct  as  in  the  stomach. 

Fig.  9.  5  per  cent.  Boric  Acid.  No  change  from  the  normal  appearance. 
(Intestine.) 

Fig.  10.  2  per  cent.  Bora.r.  The  cell  boundaries  are  perhaps  a  little  less 
distinct  in  some  places.     The  marginal  border  no  longer  visible  ? 

Fig.  IL  2  per  cent.  Soda.  In  the  space  between  two  intestinal  villi 
lie  numerous  disintegrated  cells,  which  come  from  another  portion  of 
the  epithelium. 

Fig.  12.  5  per  cent.  Saltpetre.  The  free  surface  of  the  cells  is  destroyed, 
the  cuticular  layer  has  disappeared,  the  free  surface  has  a  fringed 
appearance.     (Intestine.) 
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